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THE PRODUCT or THE EUREKA TEMPERED 
COPPER COMPANY. 


[Report of the Committee on Science and the Arts.) 


[No. 1,491.] HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 1, 1890. 


The sub-committee appointed to examine and report 
upon application No. 1,491, made by the Eureka Tempered 
Copper Company, of North East, Erie County, Pa., dated 
April 21, 1890, and supplemented by their letter of August 
7, 1890, beg leave to report : 

That in the applications, as above, the applicants claim 
to possess processes invented by Almer Thomas and Luzerne 
Merket, of North East, Pa., in the first place, for cast- 
ing pure copper without alloys,so as to make castings 
sound and free from blow-holes; and, in the second place, 
for hardening copper (after casting) without destroying its 
fibre or impairing its usefulness for electrical or other pur- 
poses. They also claim that no alloys are added to the cop- 
WHOLE No. VoLt. CXXX.—({THIRD SERIES, Vol. c.) 27 


= 
4 
| 
4 
< 
ali 
wu). 
PAG 
{ 
$1 
at 
+h 
it 
i 
+ 
4% 
3 


418 Committee : (Jj. F.1., 


per, and that the chemical composition of the castings is 
substantially the same as that of the ingot copper from 
which it was made. 

As the processes in question (not having been patented) 
have not been described to your committee, we have, of 
necessity, confined our examination to the products of the 
applicants. 

This examination has been made in three ways: 

(1) Chemical analyses have been made of both the 
untempered and the tempered copper. 

(2) Physical tests have been made, including tensile, 
transverse, compression and torsion tests of the untempered 
and of the tempered copper. 

(3) Circulars have been sent to over 100 establishments 
in the United States and Canada, using tempered copper, 
asking for the results of their use of same, with any expres- 
sion of opinion that they may see fit to give. 

The results of these.examinations have been made as 
follows : 

(1) Chemical analysis. 

Dr. F. A. Genth, of this city, reports two sets of analyses 
of these coppers as follows: 

(1) Pig Copper. (2) Edge Pieces. (3) Castings. 


Per Cent. Per Cent. Per Cent, 
0°096 0°053 9°095 

100°042 100° 128 100°159 

(1) Not Tempered. (2) Tempered. 

Per Cent. Per Cent. 


100° lol 100°1 54 
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The last two analyses were made from the same bar. 
No. 1 not tempered being made from the bar as cast by the 
processes of the applicants, but untempered; and No. 2 
tempered being made after that bar had been tempered. It 
should also be mentioned that these same bars were used 
in the tensile tests described later on. 

The abeve chemical examination shows that the exam- 
ples are commercially pure copper, and thus substantiates 
the statement made to that effect by the applicants. 

The principal tests were made by Mr. Tinius Olsen, of 
this city. 

The diagrams, as made by his machine, are annexed to 
this report. The results, in figures, are also given on these 
diagrams. It is interesting to note how the tempered cop- 
per compares with the untempered copper in the first place, 
and in the second place how our tests compare with tests of 
ordinary commercial copper. It will be observed that the 
difference between the tempered and untempered copper is 
not very great; although, speaking generally the difference 
is in favor of the tempered samples. 

As compared with such tests of ordinary commercial cop- 
per as the committee have been able to find, the difference is 
more marked. For example: 

Untempered pieces broke at a strain per square inch of— 


and the tempered pieces broke at a strain per square inch 


It should be mentioned that there was a similar flaw in 
all of the above samples (due to piping from the shrinkage), 
which ran longitudinally on the edge of the pieces. Most 
of this faulty part had been removed when the samples 
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were cut in two lengthwise (for the purpose of having one- 
half of the piece sent to the applicants to be tempered). 
But a sample perfectly free from this piping would probably 
have given results somewhat higher than the above. 

To compare the above figures with those of ordinary 
commercial copper, we submit herewith the results made 
on cast copper, by the United States Testing Board, and 
given in their report on /ron, Steel and other Metals. 
(Washington: Government Printing Office, 1878.) 


Greatest Stress 


It thus appears that the untempered and the tempered 
copper have twenty per cent. and thirty-five per cent. greater 
tensile strength, respectively, than the average, as shown 
by the Government report. 

In regard to the compression results (see diagrams here- 
with) are— 


Limit of Elasticity 
in Pounds. 


Untempered (1), 


The elastic limit of ordinary copper, according to Unwin 
(Machine Designing, D. Appleton & Co., 1877, p. 24) is 3,900 
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pounds, showing a great difference in favor of the samples 
tested by us. 

As no figures for commercial copper, showing its tension 
and transverse strength, are available to the committee, we 
have been unable to make any comparisons showing the 
relative figures in these respects. 

The result of the correspondence between the committee 
and various manufacturers, electric light companies, mill- 
wrights and other establishments, has been as follows: 

In all fifty-three letters were received, in which a definite 
opinion was expressed. Of these, five were to the effect 
that the writer was unable to see any difference between 
the tempered copper and other metals and alloys. Eight 
parties had tried the copper, experimentally, for certain 
purposes, for which it evidently was unfit, such as for bits 
for rock drilling; as a substitute for tempered steel; for 
ammonia pump rods; for cauterization of blemishes in the 
limbs of horses; for nozzles for locomotive injectors when 
using certain saline waters, and so on. 

Six expressed the opinion that the claims of the appli- 
cants were not substantiated by the experience of the writers. 

Thirty-four expressed opinions, based upon their experi- 
ences, which were highly favorable to the tempered copper. 
Thus, it was stated that for bearings on coal-mining machin- 
ery it lasts much longer than any other metal before used; 
that it outlasts from three to four times the old style of com- 
mutator copper bars or brushes; very satisfactory for brasses 
on engine rods; bearings on dynamos run very cool and 
require but little lubrication; gives entire satisfaction on 
bearings of three threshing engines; in wrist-pin boxes and 
in cross-head; as step in gauge lathe, between end of spindle 
and set-screw is superior to hardened steel, brass, rawhide 
or wood, all of which were previously tried; very uniform 
in hardness and remarkably free from blow-holes; gave 
good results as a driving pinion in gear work; stood up well 
as armature bearing in street-car motors (a trying test), in 
small bearings, where the brass bearings would not last 
over sixty days the tempered copper has been nearly in a 
year, and is apparently in as good a condition as when first 
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putin. Many other extracts could be given, particularly 
from parties endorsing the copper for commutator brushes 
and segments, to which it seems particularly well adapted. 

A number of specimens of castings are presented with 
this report, showing high excellence in quality and uni- 
formity. Mechanical examination bears out the statements 
of the applicants as to the purity of their metal. 


We believe that the claims of the applicants are sub-. 


stantiated by the experience of the majority of the parties 
usiffg their copper, and also by our own investigations. 
We are of the opinion that the Eureka Tempered Copper 
Company has made a decided step in advance in the pre- 
paration of copper for many industrial uses, and we recom- 
mend the award to Almer Thomas and Luzerne Merket, of 
the Joun Scotr LEGACY MEDAL AND PREMIUM. 


H. PEMBERTON, JR., Chairman, 

LUTHER L. CHENEY, 

NATHAN H. EDGERTON, 

C. HANFORD HENDERSON, 

RICHARD D. BAKER, 

F, Lynwoop GARRISON. 
Adopted November 5, 1890. 


H. W. SPANGLER, 
Chairman of the Committee on Science and the Arts. 
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MANUFACTURE OF TIN-PLATE. 


By F. Lynwoop Garrison, Philadelphia, Pa. 


[Read at the Stated Mecting of the Franklin Institute, held Wednesday, 
November 19, 1890.) 


The process of manufacturing tin-plate, and indeed the 
character of the product appear to be something of a pppu- 
lar mystery which the public, in this country at least, is 
very slow in comprehending. Anything from a roof to a cup 
which happens to be made of tin-plate is called tin. It was 
gravely stated in a Western paper, some few months ago, that 
tin-plates were being extensively mined in the Black Hills, 
Dakota. Such ignorance is truly startling, and it would 
seem about time the public was informed that what is 
usually called tin, is simply sheet iron coated with from two 
to five per cent. of that metal, and that few or no articles of 
commerce are made of the pure metallic tin itself.* 

When the iron sheets are coated with an alloy of tin, and 
from twenty-five to sixty per cent. lead, they are known as 
terne-plates, and have a dull leady appearance as compared 
with bright lustrous tin-plate. Terne-plates are usually 
used for roofing purposes, and are not infrequently sold as 
tin-plate pure and simple. When used for purposes other 
than the preservation or preparation of foods, terne-plate 
usually fulfils its requirements quite as well as tin-plate, and 
has the great advantage of cheapness. 

History—The manufacture of tin-plates seems to have 
originated tn Northern Germany, but the particular place 
and year in which it was commenced are unknown. 

Flowerf states that it has been very clearly ascertained 


* There seems to be a similar misconception as regards galvanized iron, 
which is simply iron coated with metallic zinc by being immersed in a molten 
bath ‘of that metal. There does not seem to be any galvanic action whatso- 
ever taking place during the operation, it is an alloying of the iron and zinc 
pure and simple. 

+ History of Tin and Tin-plates, P. W. Flower. George Bell & Sons: 
London, 1880. 
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that in 1620 the trade had already existed for many years 
in Bohemia. “In that year a knowledge of the manufac- 
ture was sought and obtained from Bohemia by the then 
Duke of Saxony, who immediately commenced the manufac- 
ture in his own territories, and it was from Saxony that the 
secret came to England in the year 1670.” Works were first 
established at Pontypool, but, in consequence of certain dif- 
ficulties were subsequently abandoned and neglected for a 
period of fifty years, and it was not until 1720, that the 
manufacture of tin-plate can be said to have been carried on 
to any extent. 

Flower states that there appears to be no mention of the 
invention in any of the old French, German, or English 
works on metallurgy, and it seems to be probable that all 
information relating to this trade was kept very secret with 
a view to a quiet enjoyment of the monopoly by those who 
possessed a knowledge of its details. M.de Reaumutr, writ- 
ing in 1725, confirms this idea by saying that the art of mak- 
ing tin-plates was considered Germany's own trade. 

The French iron-masters were not behind the English in 
introducing this industry into their country, the first suc- 
cessful works having been started in Mansvaux, in Alsace, 
in 1714, several years before the industry was thoroughly 
established at Pontypool. Two previous unsuccessful at- 
tempts were made to establish the industry in France, one 
at Chenessy, in Franche Comté; and the other at Beaumont 
la Ferriére, in Nivernois. The.successful works started at 
Mansvaux, in Alsace, were followed by those of Bains, in 
Lorraine, in 1733; Imphy, near Nevers, in 1745, and Moram- 
beau, in Franche Comté, in 1751. 

Works were established near Forsmark, in Sweden, in 
the year 1739, English tin being imported for the purpose. 

After the successful start, at Pontypool, in 1720, the 
manufacture began to extend itself through Wales, partic- 
ularly in those places where water-power was available, and 
where forges already existed for the manufacture of charcoal 
iron. 

From Pontypool it spread to Caerleon and Ponthir, in 
Monmouthshire, to Ynisgerwn near Neath, and Melin 
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Griffith near Cardiff, in Glamorganshire, and to Kidwelly 
and Carmathen Town, in Carmathenshire.* 

For the past hundred years the manufacture of tin-plate 
in Great Britain has gradually increased until now she 
probably makes ninety per cent of the world’s entire pro- 
duction, the rest coming from a few works in Germany 
and France. 

In 1887, Germany produced 16,720 metric tons of tin- 
plate, basic steel being used almost exclusively for the 
purpose.+ 

It is an interesting fact that while the output of metallic 
tin from the Cornish mines has gradually decreased within 
the past twenty years (10,200 tons, in 1870, and 9,183 tons, 
in 1888), the production of tin-plate in Great Britain has 
increased at an enormous ratio. In 1889, Great Britain 
exported 430,623 tons, of which 331,312 tons went to the 
United States; the entire production, in 1889, was about 
450,000 tons. The great bulk of the metallic tin consumed 
in Great Britain in the manufacture of tin-plate is imported 
—mostly from Malacca Straits and Australia. The same 
may be said for Germany and France, although some small 
amounts are still mined in the Zinnwald district in Bohemia. 

A brief sketch in this connection of the history of the 
futile attempts to establish a tin-plate industry in the 
United States may not be without some melancholy interest 
to the patriotic, American. 

The very high prices of tin-plate which prevailed in our 
markets between 1873 and 1878 induced some enterprising 
persons to establish a small tin-plate works at Wellsville, O., 
in 1873. The quality of the plates made at these works 
was said to be excellent. Between 1873 and 1875, tin-plates 
were also made to a limited extent, at Leechburgh, Pa. 
Owing to the fall in prices, in 1875, both of these works were 
obliged to shut down. In the meantime somewhat more 


* Flower's History of Tin and Tin-plates. London, 1880. 
+ Annual Report of American Iron and Steel Association, 1890, p. 96. 


tA Treatise upon Tin-plate Manufacture in the United States, by John 
Jarrett, p. 5. 
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extensive works were built at Demmler near Pittsburgh, 
Pa., and put in operation early in 1875. Thecareer of these 
works as such was, however, short-lived, and since they were 
shut down there does not appear to have been a single pound 
of tin-plate made in the United States for commercial pur- 
poses. 

For commercial purposes tin-plates are divided into two 
classes, what are termed charcoal-plates and coke-plates, 
according as charcecal or coke is used as fuel in the manu- 
facture of the iron bars from which the plates are rolled. 
At the present time, however, by far the greater part of the 
plates are made of mild steel, usually open-hearth, either 
acid or basic. It seems, moreover, that these tinned steel 
sheets are not sold as such, but as tinned iron. 

Tue iron sheets made with charcoal as fuel, are, as a rule, 
of much finer quality, and bring a better price than the coke 
iron or steel sheets. 

As the methods used for the conversion of the raw ore or 
pig into these iron or steel bars belongs more particularly 
to the metallurgy of iron and steel, they need not be men- 
tioned in this connection. : 

Rolling the Sheets——The finished bars used in the manu- 
facture of tin-plates vary in dimensions, according to the size 
and weight of the sheets required, or the manner of rolling. 

After the finished bar has been sheared to the required 
size, it is heated to redness in a reverberatory furnace, and 
rolled; again heated, rolled, and doubled; heated a third 
time, rolled, and again doubled; th.: heated and rolled a 
fourth time. Sometimes the heating and rolling is con- 
tinued six times. The length of the bar should be about 
an inch more than the width of the sheet to be made, so as 
to allow margin for shearing; the bar is therefore rolled 
with its axis parallel to the axis of the rolls. 

When the plates leave the rolls they are called “ finished,” 
and are known as black plate, then when cool are trimmed 
and sheared as required. 

Percy * states that the yield of black plate varies from 


* Metallurgy of Iron and Steel, p. 726. 
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eighty to ninety per cent. of the iron used, the minimum 
yield being obtained from narrow plates rolled in one 
length and doubled three times, thus making eight sheets 
10 x 14 inches, or doubled three times and rolled in two 
lengths, making sixteen sheets of 10 x 14 inches. The 
maximum yield is from wide plates doubled only once, and 
rolled into two lengths, thus making four sheets. 

The more frequently a plate is doubled the greater will 
be the waste, owing to the larger amount of shearings cut 
off the extremities. 

The weight of the ordinary sheets (Ix and Ixx, 10 x 14 
inches, or 14 x 20 inches), is calculated in the following 
manner :* 

Bars are selected of sufficient weight to produce sixteen 
sheets of 10x 14, or eight sheets of 14 x 20 inches. Taking 
for example, 14 x 20-inch sheets, running 112 sheets per box, 
we have— 


The yield of black plate in this variety is eighty-seven 
per cent. Then 733 pounds = 155 pounds, the weight of 
iron required to produce one box of these plates. As each 
bar of iron will make eight sheets, fourteen bars would be 
required for 112 sheets, hence 1?? = 11 pounds, the weight 
of one bar necessary to produce eight sheets of two lengths 
doubled twice. This formula will apply to a box of any 
weight of the same dimensions rolled in the same manner. 

Black Pickling.—The plates are now pickled by being im- 
mersed in hot dilute sulphuric acid (one part acid to six- 
teen water), contained in lead-lined tanks. The sheets are 
placed on edge in a wooden rack made for the purpose, and 
the whole immersed in the acid. By means of a suitable 
mechanical arrangement, the rack holding the sheets is 
given a regular up-and-down motion, thus maintaining a 
circulation in the acid bath. 

When all the scale or oxide has been dissolved off, the 


* Percy's Metallurgy of Iron and Steel, p. 725, et seq. 


+ Taking 2,240 pounds to the ton. 
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rack holding the sheets is immersed, and the whole thor- 
oughly washed several times in fresh water. The pickling 
and washing are carried on at the same time, and spare 
cradles are provided for filling and emptying, so that no 
delay occurs. 

First Annealing —The sheets are then dried, packed in 
tight annealing boxes or pots and annealed from twelve to 
twenty-four hours in a reverberatbry furnace. 

The temperature to which the plates are thus subjected 
is kept just high enough to prevent their softening to such 
a degree as to cause them to stick together when cold, #. ¢., 
just below a good welding heat. ‘The door of the annealing 
furnace is made level with the floor, so the annealing boxes 
can be readily wheeled in on a truck. The object of this 
annealing is to so soften the sheets that they will readily 
take a polish when cold rolled in the next operation. If the 
annealing has been properly done, the sheets come out 
nearly as soft as lead. 

Cold Rolling —tIn order to receive a proper coating of tin 
and possess a fine finish, it is necessary to pass the sheets 
singly through a series of highly-polished cold rolls. These 
rolls should be as hard as possibie, have a high polish, be 
heavy, and set in strong solid frames. A well-polished surface 
saves tin, and is very essential to the good appearance of the 
finished plate. It might be stated in this connection that 
mild steel-plates always require less tin to coat them than 
iron, as the former is denser, and the tin has less opportunity 
to penetrate into the pores of the metal. 

Second Annealing—After the cold rolling the sheets 
become more or less harsh, and to remove this they are 
again annealed in the same way, but at a somewhat lower 
temperature than the first annealing. Ten hours is usually 
found sufficient for this purpose. 

White Pickling —The surface of the sheets having become 
somewhat oxidized by the cold rolling and second anneal- 
ing, it is necessary to pickle them a second time. In this 
operation, which is known as the white pickling, a much 
weaker solution of sulphuric acid is used, or sometimes 
hydrochloric acid is used instead. The slight coating 


ifs: 
itt 
i 
4 
| 
> 
fe 
} 
a 
ta 2 
“2 
2 (i! 
“4 
ga 


430 Garrison : (J. F.1., 


of oxide or scale is thus quickly removed, and after being 
thoroughly washed with water, the sheets are supposed to 
be ready for the coating of tin. As a matter of fact, how- 
ever, it is always necessary to examine them very carefully 
after removal from the annealing pots, and if they are 
rough and contain small specks or patches of undissolved 
oxide or scale, they will have to be scoured with sand and 
perhaps re-pickled. ° 

The careful inspection and selection of the sheets is a 
most important part of the operation, requiring a consider- 
able degree of skill and experience on the part of the work- 
man, It is always better if the sheets can be inspected 
and the defective ones picked out at end of each of the sev- 
eral operations. 

As the workmen are usually paid by the amount of work 
done, there is naturally a constant tendency for defective 
sheets to reach the “tin-man’s” hands. 

The hands required for each set of pots consists of a tin- 
man, a wash-man, a grease-boy and three girls, who rub, 
dust and polish the sheets. 

The tin-man (foreman of the set that does the tinning) 
receives the sheets from the scourer and places them ina 
trough of water near at hand until he is ready to remove 
them to the grease-pot. 

Grease-pot—As the sheets are removed from the water 
trough, they are immediately plunged, sheet by sheet, into 
what is known as the grease-pot, which is filled with hot 
palm oil or tallow. 

The object of the oil bath is to remove the moisture 
and to warm the sheet so as to prepare it for tinning. 

Tin-pot.—After remaining in the hot grease some time, 
they are removed in parcels and plunged into the tin-pot 
containing a bath of molten tin covered with palm oil. Here 
they are allowed to soak for about twenty minutes, the tin- 
man constantly opening and re-opening the pack with his 
tongs, thus enabling the molten tin to get at every part of 
the surface. Asa result of the soaking, the iron (or steel) 
absorbs a certain amount of tin on or into the surface of 
the sheets. It seems probable that an alloy is formed by 
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those portions of the two metals which come in close con- 
tact. A very large proportion of the tinis thus absorbed and 
held between the fibres of the iron, as after the pickling and 
annealing operations the surface of the iron is in a more or 
less spongy condition. If the tin were simply mechanically 
held or absorbed by the fibres or pores of the iron, it should 
be possible to liquate it out by simply heating the tinned 
sheet to a temperature slightly above the melting-point of 
tin—227°°8C., or 458°°6 F. ‘If we heat the tinned sheet toa 
temperature sufficient to volatilize the tin, and then exam- 
ine it with a microscope, we shall find that a considerable 
part of the tin persistently sticks to the iron, and if we 
attempt to burn it out we shall burn the iron also. Of 
course, where there is a thick coating of tin, it is possible to 
melt off the outer layers that are not in direct contact with 
the iron. * 

Wash-pot.—When the sheets have soaked sufficiently, the 
tin-man removes them from the tin-pot and hands them to the 
wash-man, who plunges them in parcels into the wash-pot 
filled with tin, and allows them to remain there, to keep hot, 
until he is ready to use them. They are then removed in 
batches and placed upon a flat iron plate, called the hob. 
With a thick hempen brush in one hand and tongs in the 
other, the wash-man brushes the two sides of each sheet in 
order to remove the excess of tin which has collected 
between them. The wash-pot is generally divided into two 
compartments, one larger than the other. The sheets are 
first put into the larger compartment, which contains a 
better quality of tin than the tin-pot, and, as its tempera- 
ture is comparatively low, the sheets can be kept in it a 
considerable length of time without becoming “ dry.” 

To obliterate the marks left by the brush, and to give a 
polish to the surface, the sheets are dipped, one at a time, 
into the smaller compartment of the wash-pot. 

Patent-pot.—Then without releasing the sheet from the 
tongs, it is passed between a pair of steel rolls into the 
“patent-pot.” As soon as the sheet has passed through these 
rolls into the tin below, it is caught, moved along and raised 
by means of a cradle to meet another pair of rolls revolv- 
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ing in the surface of the tin bath, thus as one sheet is 
rolled into the bath of tin another isrolled out. The object 
of these rolls is to squeeze off the surplus tin and give the 
sheet a smooth, even surface. 

The sheets are now placed in a rack to cool, after which 
they are taken by women and rubbed with saw-dust or bran 
to remove the grease, then polished with flannel or buck- 
skin, and removed to the sorting-room. Here they are very 
careiully examined and classed according to finish and 
quality. 

The tests of quality are ductility, strength and color; 
this when in a high degree requires that the iron or steel 
used shall be of the best quality, and that its subsequent 
manufacture into sheets and the tinning process through 
which they go shall be conducted with the nnetom care 
and skill. 

Some of the defective sheets, known as “menders,” are 
returned to the tin-house for repair; others, known as 
“wasters,” are sold on the market at a reduced price. 

After the finished sheets are counted, they are packed in 
wooden boxes, which are carefully marked to indicate con- 
tents. 

The use of the oil or grease is to preserve the tin and 
iron from the oxidizing action of the atmosphere. The 
chief object, however, of plunging the sheets in the grease- 
pot filled with heated oil,is to dry the moisture from the 
sheets, otherwise they would not take the tin so readily. 

By melting alittle tin or lead in a ladle, skimming off 
the dross and putting a little oil or grease on the surface of 
the molten metal, the effect of the grease in cleaning the 
surface will become evident. The palm oil comes mostly 
from the West Coast of Africa in large casks, holding about 1 
ahalfaton. It varies in quality somewhat, a preference is 

given to what is known as “selected Lagos oil,” which prob- , 
ably contains less dirt and water than the commoner sorts. 
Tallow would be equally well adapted for all practical pur- 
poses were it not for the very disagreeable smell resulting 
from its use. 

It is interesting to notice something of the technical 


I 
a 
\ 


& 
‘ 
° 


Det., 1890.] Manufacture of Tin-plate. 433 


development of the process of tinning since the year 1720, 
and for that purpose I have drawn largely from Flower’s 
interesting little work on the History of Tin and Tin- 
plates. While Mr. Flower has been most thorough and 
careful in his historical treatment of the subject, it is to be 
regretted he so carefully avoids giving us anything of the 
modern technical details. 

The old German method of tinning, as first used at 
Pontypool in 1720, was, of course, very crude and primitive 
in comparison to that of the present time. 

The iron sheets were made by hammering from the bar 
or billet very much in the same way as the celebrated Rus- 
sian sheet-iron is still made in the Urals. 

The pickling was done in water acidified by the fermenta- 
tion of barley meal or rye; in order to facilitate this fer- 
mentation it was necessary to place the tubs or vats in 
heated vaults, kept at a temperature of about 100° F. Such 
an acid solution being necessarily very weak, the process of 
pickling usually required from two to three days, and some- 
times much longer. Vinegar was sometimes used for the 
purpose, but although stronger, it was doubtless too expen- 
sive a substitute for rye water. 

Before pickling came into use, about 1747, the sheets 
were prepared by scouring with sand and water, and filing 
off the rough places, then covering them with resin before 
dipping into the molten tin. 

Tallow or grease was used to cover the tin bath, but this 
produced at times such an unbearable stench that it ulti- 
mately led to the universal use of palm oil for the purpose. 
A little water was always added with the tallow to cause 
it to swell and foam. The grease or tallow always became 
better after being used a short time, as it seems to be a 
curious fact that any kind of empyreumatic fat is better for 
this purpose than fresh tallow or grease. 

Before the rolls, for rolling the sheet out of the bath 
where it has its last dip (patent-pot), came into use, it was 
necessary to melt off the ridge or wire (list) of tin which 
collected on the lower edge of the sheet. For this purpose 
a shallow trough or pot of iron containing a bath of molten 
WHoLF No. Vot. CXXX.—{THIRD SERIES, Vol. c.) 28 
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tin about a half an inch deep was used. As soon as the 
ridge was melted off, the sheet was given a smart blow with 
a stick, which disengaged the superfluous metal, leaving 
only a faint streak where it was attached. 

The most important improvements in the process seem 
to have followed each other at very long intervals, the first 
being in 1728, when the process of making the sheets by 
hammering was replaced by that of rolling. In 1745, the 
grease-pot for preparing the sheets for coating was first 
used and, in 1760, barley or rye-meal water was replaced by 
hydrochloric acid for the purpose of pickling. In 1783, 
grooved rolls for bar rolling were first used. The annealing- 
pot-was invented by Thomas Morgan, in 1829. About 1865, 
the use of steel or iron rolls for rolling the sheet out of the 
last pot (patent-pot), became general, but from that date up 
to the present time, there seem to have been few or no 
innovations, although of course many improvements have 
been made in the original inventions. 

About the year 1800, the idea of dividing the wash-pot 
into two parts seems to have been first suggested. The 
idea of it was simply to keep the scum (consisting chiefly 
of a mixture of dirt, tin oxide and grease) of the first com- 
partment from getting-into the better grade of tin used to 
finish the sheets inthesecoend compartment. The necessity 
of skimming off the scum every time a fresh batch of sheets 
is put into the wash-pot is thus obviated. 

The second compartment always contains the purest tin, 
and, as it becomes contaminated by the iron, is removed to 
the first compartment and finally to the tin-pot. 

Before the patent-pot with its rolls came into general 
use, the sheets were finished by placing them in a grease- 
pot or bath of palm oil to “sweat off” the superfluous tin. 
They were first placed by the workman on a grate or basket 
between “pins,” so-called, and removed by the grease-boy 
in rotation; as one sheet came out of the basket another 
went in, and the number of pins employed therefore regu- 
lated the time for remaining in the pot. The fewer the pins 
the shorter the time, and the heavier the coating, hence the 
longer they remained the barer the sheet. 
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It was usual to employ a grate of only five or six pins for 
charcoal sheets, while as many as up to thirty-five were 
employed for cheaper sheets.* The quantity of tin thus 
removed is about two or three times that left on the sheets. 

By this arrangement the length of time the sheets remain 
in the pot can be regulated with considerable exactness; 
thus, when the temperature remains constant, the amount 
of tin removed or left on the sheets is regulated to a nicety. 

In old times it was supposed that the addition of a very 
small amount of copper to the molten tin made it adhere 
better to the sheets. It was claimed that such an alloy 
possessed this quality, “because it is a medium fusibility 
between iron and tin.” The use of the copper was known 
as the “secret” and “you must take care not to have either 
too much or too little of this secret.”"+ The quantity of 
copper used seemed to depend equally upon the quality of 
the tin and of the iron. If too much copper is used the 
sheets do not look well; if, on the other hand, not enough, 
the sheets take too much tin. Asarule,two pounds of 
copper are used to 100 or 150 pounds of tin. 

The idea seems to be prevalent in the United States that 
in order to establish a tin-plate industry in any country, it is 
requisite for such country to be a metallic tin producer. 
That such a thing is utterly wrong is, I think, fully demon- 
strated by the following figures: 

It is stated in the official Mineral Statistics of the United 
Kingdom of Great Britain and Ireland, for the year 1889: 

“The quantity of tin ore mined in Great Britain, in 1889, 
amounted to 13,809 tons, from which 8,912 tons of tin were 
obtained, against 14,370 tons of ore mined in 1888, yielding 
9,241 tons of tin. The importations of tin ore and tin in 
1889 amounted to 2,008 tons of ore and 30,093 tons of tin, 
against 2,406 tons of ore and 28,049 tons of tin in 1888.” 

It will thus be observed that the amount of metallic tin 
produced in Great Britain, in 1889, was less than one-third 
the amount imported. In other words, the great bulk of the 


* History of Tin and Tin-plates, p. 171, Flower, London, 1880. 
+ Flower, History of Tin and Tin-plates, p. 171. 
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tin used in this country, in the forms of tin-plate, is first im- 
ported into England from foreign countries, there made into 
tin-plate, and then exported to the United States for con- 
sumption. 

We have of late years heard much of the large deposits of 
tin ore discovered in various parts of this country, but the 
writer has yet to see the first tangible evidences of their 
existence. It is true, tin ore in small and scattered quanti- 
ties has been discovered in the Black Hills, S. D.; at Kings 
Mountain, N.C.; in Virginia, Georgia, Winslow, Me.; near 
the town of Jackson, N. H.; Booneville, Idaho, and at San 
Jacinto, San Bernardino County, Cal. With the exception 
of those in the Black Hills it cannot be said that any of these 
deposits have been explored or developed toany extent. Ac- 
cording to recent reports, the deposits of San Jacinto, Cal., 
appear to be very promising.* ‘There appears to be a great 
similarity between the rocks and geological features of this 
district and those of the tin-producing districts of Cornwall. 

The tin ore deposits in the Black Hills have possibly 
been fairly well explored, but up to the present time this 
district appears to have been more productive of humbugs 
than tin ore. 

Deposits of tin ore (stream tin) have been found in some 
parts of Mexico, but as they have not been explored to any 
extent we know little of them. 


* Engineering and Mining Journal, Oct. 18, 1890, p. 450. 
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A REVOLUTION in DYEING. 


By Pror. R. L. CHAsE, 
Pennsylvania Museum and School of Industrial Art. 


[A Lecture delivered before the Franklin Institute, January 13, 1890.} 


[Concluded from vol. ¢, p. 3791.) 


GREEN DYESTUFFS. 


The discovery of green dyestuffs soon followed that of 
the violet. One of these, methyl green, being made by the 
action of methyl chloride on the base of methyl violet 
(pentamethyl-pararosaniline), and bearing a very close 
relationship to that dyestuff in its constitution. Another 
green called iodide green was made by treating Hoffman’s 
violet with methyl iodide, while a third known as aldehyde 
green was prepared from aldehyde and magenta. All of 
these bear a close relationship to rosaniline and were the 
greens used up to the year 1877, when the method of making 
benzaldehyde green was discovered and, owing to its superi- 
ority, it has almost entirely displaced the other greens. This 
last is made in quite a number of ways and is usually sold 
as a salt of zinc chloride, forming fine green crystals easily 
soluble in water. It is used only for dyeing cotton and pro- 
duces a very fine green shade as seen in the sample shown. 

All these dyestuffs bear a striking relationship, and in 
most cases their behavior towards textile fibres is the same. 
With the exception of the blue, they all dye wool in a neu- 
tral bath, but are little used at present for this purpose. 
They are mostly used for cotton, which must first be mor- 
danted before it will take the color. Cotton blue, however, 
will dye unmordanted cotton in a bath to which a little 
alum has been added and is mostly used in this way. 
Alkali blue is a peculiar dyestuff and is used entirely for 
wool in the following manner: The dye-bath is made up 
with the necessary amount of dyestuff and a small amount 
of an alkaline salt added. The wool is boiled in this and 
becomes colored a very slight blue. On washing the wool 
and immersing it in an acid bath the coloring matter is 
developed into a very fine blue. 
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Unfortunately none of this class of rosaniline dye- 
stuffs produce fast colors and for this reason the artificial 
dyestuffs have obtained a bad name, which has clung to 
them in spite of the fact that later discoveries have changed 
this entirely, as we shall see lateron. If we compare the 
formulz of these dyestuffs we shall see how very similar 
they are in their constitution and how great a change is 
sometimes wrought by a very slight change in the consti- 
tution. Starting with rosaniline and a very similar com- 
pound pararosaniline we have: 


Rosaniline. Pararosaniiline. 
[Ce «H,NH, 
C,H,N Cc H, NH, 
CHINE | CH.NH, 
(OH | OH 
Magenta. Diphenylamine Blue. 
( C.H,(CH,)NH, 
c & c CoH NH(C,H;) 
CH.NH, GH.NH(C.H,) 
(Cl [Cl 
Actd Magenta. 
NaSO 
C,H\CH,) NH, 
NaSO 
c 4 GH; NEL 
NaSO 
C,H, {NHL 
| OH 
Spirit Blue. 
CH,CH,NH(C,H,) 
C4 C,H,N H(C,H,) 
C,H,NH(C,H;) 
Cl 


Alkali Blue. 


Alkali Blue D. 


C,H,CH,NH(C,H,) 
C,H,NH(C,H,) C,H,.NH(C,H,) 
C,H, C,H, 
C,H,N H 1C,H.N<H | 
OSO, Oso, 
/ 
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Methyl Violet 2B. 
Cc 


C,H,N(CH,), 
C,H,NHCH,Cl 


Benzyl Violet. 
C,H,N(CH,), 
C < C,H,N(CH,), 
C,H,N:C,H,)CH,Cl 


Acid Violet. 


| CHN(CH;), 
CH{N(C,H,NaSO,)CH, 
| OH 


Malachite Green. 


These few formule will give a good idea of the possi- 
bilities of organic chemistry in this direction. 

Although these dyestuffs are not used for wool, yet in 
each case a corresponding sulpho compound can be made 
which will.dye wool in an acid bath. In this way we now 
have acid magenta, acid violets, and acid greens all used 
for wool and not applicable to cotton as is seen on the sam- 
ple sheet shown. 

Very closely allied to this class of dyestuffs is another 
consisting of three members and containing a naphthyl 
group. These are the victoria blues, B, 4R, and night blue. 
The first is the hydrochloride of tetra-methyl phenyl tri- 
amido alpha-naphthyl diphenyl carbinol and from its very 
long name chemically it is easily seen why it is given a 
different name in commerce. 

The compound containing a para tolyl group instead of 
phenyl is night blue while the penta-methy] pheny] tri-amido 
compound is the 4R shade. 
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Victoria Blue B. Night Blue. 
C,H,N(CH,), C,H,N(CH,). 
C,H,NHC,H,Cl 
Victoria Blue 4R. 
C,H,N(CH,), 
c ) CHN(CH,), 
C,H,NCH,C,H,C1 


These dyestuffs are used for wool, and produce very fine 
shades, which are quite fast to soap, but have the serious 
fault of rubbing off or crocking. 


AURAMINE, 


In the dyestuffs so far mentioned, we notice that there 
is not one that produces a yellow color, and the demand for 
a yellow that will dye mordanted cotton in connection with 
these basic dyestuffs for a long time remained unfilled. In 
1875 a dyestuff giving a yellowish red color was discovered, 
but it was not until nearly ten years later that a satisfac- 
tory bright yellow was obtained. At that time a new dye- 
stuff, called auramine, was discovered, and on mordanted 
cotton produces shades of very bright yellow, which are 
quite fast to both light and soap. Although it does not 
belong to the basic aniline group of dyestuffs, yet as it is 
used almost entirely with them, it is mentioned here. It is 
made by treating dimethyl aniline with carbon oxychloride 
in the presence of aluminium chloride. When this product 
is treated with ammonium and zinc chloride, the base of 
auramine, imido tetra-methyl di-amido di-phenyl methane, 
is obtained, and its hydrochloride is auramine. 


C,H,N(CH;), 
c C,H,N(CH,), 
NH 


SAFRANINE. 


This is a red coloring dyestuff, and produces very bright 
shades on mordanted cotton, and is also sometimes used for 
light pinks on wool. The dyestuff can be made in quite a 
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number of different ways, and is used to a considerable 
extent in connection with those already mentioned. 


NITRO COMPOUNDS. 


There are several important dyestuffs belonging to this 
class, the principal ones being picric acid and naphthol 
yellow. 


PICRIC ACID, 


This is made by the action of nitric acid on phenol-sul- 
phonic acid, and is a tri-nitro phenol. It forms yellow crys- 
tals, which dye wool or silk in an acid bath a very fine 
greenish yellow. It was formerly much used, but has now 
been largely replaced by naphthol yellow S. 


NAPHTHOL YELLOW. 


This corresponds very closely to the above, and is the 
nitro compound of alpha-naphthol. It dyes wool a fine 
yellow, which, however, volatilizes at a moderate heat, and 
is not at all fast, and has now been superseded entirely by 
the sulpho compound. 


NAPHTHOL YELLOW 5S. 


This is often sold as naphthol yellow, acid yellow, etc. 
It a salt of dinitronaphthol-sulphonic acid, and dyes wool 
in an acid bath a pure yellow, which is only moderately fast 
to light and soa. 


THE PHTALEIN DYESTUFFS. 


By the action of phtalic acid or anhydride on phenols, 
bodies called phtaleins are formed, and one of these, the 
anhydride of resorcinol phtalein, is known as fluorescein, 


and is made by heating three parts of phtalic anhydride 
with four of resorcinol. 


Fluorescein. 
COC,H,OH 
CoH, COCELOU 


By substituting various radicals in this compound the 
so-called eosine dyestuffs are produced. 
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The sodium salt of the tetra-brom compound is known 
as eosine B, and gives yellow shades of pink on wool, 
while the sodium salt of tetra-iodo fluorescein is erythrosine 
B, and affords bluer shades. 

Eosine B. 
COC,HBr,ONa 
CoH, { COC-HBr,ONa 
Erythrosine B. 


COC,HLOK 


In both these compounds the substitution has been in 


the resorcinol group, but compounds also exist in which the 
substitution is in the C,H, group of the phtalic acid residue. 


PHLOXINE, 


To this class phloxine belongs and it is the potassium 
salt of tetra-bromo-dichloro-fluorescein. 


COC,HBr,OK 
C.H,Cl, COC.HBr,OK 


ROSE BENGAL, 


This also belongs to this class and is the tetra-iodo-di- 
chloro-fluorescein. 
COC,HI,OK 


RHODAMINE, 


This is a comparatively recent dyestuff and is obtained in 
an entirely different way from those already mentioned. It 
belongs to the amido class of dyestuffs, and is prepared by 
heating one molecule Of phtalic anhydride with two of 
diethyl-meta-amido-phenol, and it has the constitution 
expressed by the following formula. 


COC,H, 
ca.) O 
COCH: 
All of these dyestuffs are used to produce pink shades 


Dec , 1890.]} A Revolution in Dyeing. 443 


on wool, and are dyed in a weak acid bath as arule. With 
the exception of rhodamine, the .shades produced are 
extremely fugitive and a few hours’ exposure is sufficient to 
cause a change. . 

Rhodamine produces shades which are quite fast to light, 
and also to soap, and is in every way a dyestuff far superior 
to the others. 


THE AZO DYESTUFFS. 


A very large class of dyestuffs, comprising a number of 
divisions is what are known as the azo dyestuffs. These 
comprise by far the largest number of artificial dyestuffs 
and the number is greatly increased every year. Itis in this 
field that the greatest amount of work is being done at the 
present time, and many of our most important dyestuffs 
belong to this class. Although these differ very much and 
are divided into a number of subdivisions, yet they are all 
similar in one respect, and that is in containing the group 
—_N=N — 

Azo benzene is the type of one of these compounds in 
which both the affinities of the nitrogen group have been 
satisfied with a phenyl group and we have for this com- 
pound the symbol 

C,H,—N = N — C,H, 


If the second affinity is satisfied by an acid or basic 
radical compounds are formed called diazo compounds and 
from these a large number of dyestuffs have been made. 


AMIDO AZO DYESTUFFS. 


These were the first of these dyestuffs made and one 
of their number, aniline yellow, was discovered as early 
as 1859 and by 1863 was a commercial product. It is not 
now used, but two members of the class are used quite exten- 
sively at the present time in cotton dyeing. 


BISMARCK BROWN, 


This is the hydrochloride of triamido-azo benzene, 
It was discovered in 1867 and isa dark brown powder, 
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which dyes a reddish brown shade. It is extensively used 
in dyeing leather and also cotton in connection with the 
natural dyestuffs 

CHRYSOIDINE. 


This was not discovered until 1875 and is the hydro. 
chloride of diamido azo benzene, 


C,H,NNC,H,(NH,),HCl. 


It dyes very similarly to the previous dyestuff and pro- 
duces shades which are much yellower than those produced 
by the brown. The fastness of their shades seems to 
depend on the number of amido groups present, Bismarck 
brown being faster than chrysoidine and this in turn faster 
than aniline yellow which contains but one amido group. 

These dyestuffs will color wool in a neutral bath but 
at the present time are never used for this purpose. But 
there are corresponding sulphonated compounds which will 
dye wool in an acid bath and these are used to some 
extent. 

The principal representatives of this class are fast yellow 
G, derived from aniline yellow, dimethyl aniline orange, also 
known by various other names as orange No. 3, tropzolin 
D, metanil yellow, etc. 


OXYAZO DYESTUFFS. 


Nearly all the so-called acid colors on wool are obtained 


by the use of dyestuffs belonging to this class, and various ~ 


shades of yellow, orange, scarlet, red, brown and finally 
black are possible by the use of these dyestuffs alone. 
Violet, blue and green dyestuff do not occur, however, and 
render the series incomplete, and for these we are obliged 
to use other dyestuffs, as acid violet, victoria blue, indigo 
extract, acid green, none of which yield as fast shades as 
the oxyazo dyestuffs. These have only been in use a com- 
paratively short time, and since the publication, in 1878, of 
a scientific investigation of these compounds by Greiss, 
their manufacture has developed wonderfully, so that at 
the present time, the manufacture of the various azo dyes 
is the most important of all. 


| 
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The great number of these dyestuffs is due to the fact 
that every primary aromatic amine, when converted into a 
diazo compound, will combine with almost any phenol or 
derivative of a phenol to form an azo dye. As most of 
these are insoluble in water, the sulphonated body is formed 
and the dye brought into use as a sodium sulphonated com- 
pound. 

The principal amines used in the manufacture of these 
dyes are aniline (C,H,NH,), toluidine (C,H,CH,NH,), xyli- 
dine (C,H,NH,CH;),), alpha and beta-naphthylamine 
(C,yH,NH,) and also sulphanilic and naphthionic acids 
(C,H,(HSO,)NH,) and (C,,.H,(HSO,)NH,). 

These can be combined with phenolic compounds as 
phenol (C,H,OH), resorcin (C,H,(OH),), alpha and beta- 
naphthol (C,,H,OH), mono and di-sulphonic acid derivatives 
of the two last (C,H,OH (HSO,),), etc. 

While these give rise to a large number of dyestuffs, yet 
the number is still more increased by a property some of 
these possess of being diazotized and combined with other 
phenols giving rise to secondary azo compounds, called 
tetrazo dyes. These contain the group — N = N — twice, 
and these dyes as a rule afford faster shades than the ordi- 
nary azo dyes. Another class of the tetrazo dyes are the 
di-azo compounds, in which phenols, like resorcin (C,H,(OH),), 
combine with more than one molecule of a di-azo com- 
pound. 


OXYAZO DYES, 


As an example of this class we will take fast red. This 
is made by diazotizing ethyl xylidine naphthionic acid and 
combining it with beta-naphthol. 


(NaSO,)C,,H,— N = N—C,,H,OH. 
Fast Red. 


Among the best known of this class of dyestuffs we 
have the following: Archil substitute, a derivative from 
naphthionie acid; various scarlets, as scarlet R and 2R, 
cochineal scarlet 2R ; fast red, bordeaux, amaranth, etc. 
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TETRAZO DYESTUFFS, 
Scarlet. 


Among the best known of the secondary azo compounds 
of this class are the Biebrich and crocein scarlets, which 
have met with extensive use for both wool and cotton. 


Brown. 


Of the fast browns there are several representatives in 
the different acid browns. 

One representative of these is the fast brown of Bayer, 
which has the followirfg constitution : 


NNC,,H,(SO,Na 
C,H{OH), 


Black. 


Among recent discoveries in this class of tetrazo dyestuffs, 
that of several black dyes is to be noticed. One of these is 
naphthol black, and results from the action of salt R on 
diazotized amido azo naphthalene-disulphonic acid, and has 
the following constitution : 


Another wool black is produced by the action of diazo- 
tized amido-azobenzene-disulphonic acid on paratolyl-beta- 
naphthylamine, and has the formula: 


These produce a fine black on wool from an acid bath, 
and are therefore much more simple to apply than a log- 
wood black, which requires two baths. In time these will 
probably prove serious competitors to logwood black. 


THE BENZIDINE DYESTUFFS. 


These are tetrazo dyestuffs of a peculiar nature, and have 
been in use but a very short time, as the first one was only 
discovered in 1883, and it was not until several years after- 
ward that this class became of industrial importance. They 
possess the peculiar property of dyeing unmordanted cotton 
and will also dye wool, although their use is largely confined 
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to cotton dyeing. Previous to their discovery, there were a 
few of the artificial dyestuffs used for coloring unmordant2d 
cotton, and, as alum was usually added to the bath, these 
were commonly spoken of as the alum colors, this term 
color unfortunately being applied indiscriminately to the 
dyestuff as well as to the color produced by it. Cotton blue, 
chrysoidine, Bismarck brown and croceine scarlet and 
orange being the principal dyestuffs so used, but in each 
case the colors produced were not fast to washing. Indeed, 
it was thought impossible by many that any dyestuff would 
ever be discovered which would possess the advantages of 
dyeing cotton directly and also produce quite fast colors. 
This has been accomplished in these new dyestuffs, how- 
ever, and we now have a large number with which nearly 
every shade can be produced. 


CONGO RED. 


This was the first discovered, and, as it was derived from 
benzidine, this name has been commonly applied to the 
whole class, although a large number are obtained from 
other compounds. Taking Congo red as a type, let us see 
how it is made. Benzidine has the formula 


C,H,NH, 

C,H,NH, 
and if this is diazotized a tetrazo compound is obtained 
whose hydrochloride has the formula ' 


=N—Cl 


C,H.N =: NC,H,NH,SO,Na 
2HCl + = NC,H.NH.SO,Na 


By combining this as before with aromatic phenols or amines, 
coloring substances are obtained, and if, in the above 
instance, napthylamine sulphonate of soda is used, congo red 
is obtained. 

Benzidine can be produced from nitro benzene by treat- 
ment with caustic soda and zinc dust, boiling and treating 
the product with chlorhydric acid. The amido groups are 
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in the para position. Besides the dyes derived from benzi- 
dine there are others derived from a homologous base, toli- 
dine, obtained from nitro toluidine. Among others, benzo- 
purpurine and azo-blue are derived from this. 

Another series, as Hessian purple, etc., come from still 
another base, obtained by treatment of a sulphonated para 
nitro-toluene, with caustic soda and zinc dust, as before, giv- 
ing rise to diamido stilbine disulphonic acid, which, when 
diazotized in a chlorhydric acid solution, gives the di- 
chloride of tetrazo stilbine di-sulphonic acid. 


CHC,H(SO,H) NH; — § CHC.H,SO,HNNCI 
CHC,H,(SO,H) NE. = CHC,H,SO,HNNCI 


The action takes place in two stages, so that one phenol 
can be used for the first part another or an amine for the 
second, and in this way we are able to get a very large num- 
ber of dyes from each of the bases mentioned. 

Congo corinth is an example of a dye of this type, and is 
made by the action of one molecule of tetrazo di-phenyl 
di-chloride with one molecule of sodium alpha-naphthyla- 
mine sulphonate, and treating the intermediate product with 
sodium alpha-naphthol-sulphonate. 


{ + — 
HC! + NNC (SO 


From what has been stated, it is readily seen that, taking 
any particular base as benzidine, there are two dyestuffs 
possible for every two phenols used, and the same for every 
two amines, and by combinations of the four there are at 
least eight possible compounds, so that the number of these 
dyestuffs is being added to constantly. 

Among the principal ones derived from benzidine we have 
chrysamine, congo red, delta purpurine G, congo corinth, 
benzo-azurine, R,G and 3G. From toluidine we have chrys- 
amine R, benzo purpurine B, 4B, 6B, delta purpurine 5B, 
diamine red 3B, rose azurine G and B, congo corinth B, 
brilliant congo R. 
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From diamido stilbine come Hessian yellow, red, purple, 
violet. 

These dyestuffs supply a long-felt want, and are now 
being extensively used for cotton and merino dyeing. For 
some shades they are now cheaper to use than the basic 
aniline dyestuffs, as the cost of labor is much less, and no 
doubt in time the basic dyestuffs will be largely supplanted 
by their improved rivals. 


ANTHRACENE COLORING MATTERS. 


These constitute a somewhat limited number of dyestuffs, 
some of which are, however, of the greatest industrial impor- 
tance. They resemble each other in many of their proper- 
ties, being insoluble in water and forming lakes with 
metallic salts. They are weak acid bodies and only dye by 
use of a mordant and with chromium mordants the shades 
are faster than any of the coal-tar colors so far mentioned, 
and also as fast as the fastest natural dyestuff colors. The 
number of these dyestuffs is also being gradually increased 
by new discoveries, so that at the present time we are able to 
produce all shades by the use of these dyestuffs alone. The 
first to be discovered was alizarine in 1868 by Graebe and 
Liebermann, but it did not come into general use for some 
years, due to its high cost and the difficulties attendant to 
the introduction of an artificial product. Commercial 
alizarine is a mixture of a number of very similar com- 
pounds, each of which produces its own particular shade but 
the difference is in degree and not in kind, so that we can 
consider them together. Anthracene occurs in the higher 
boiling products of coal-tar and is the starting point for the 
manufacture of alizarine. There are a number of methods 
of manufacture, one of which is to treat the anthracene with 
potassium bichromate and sulphuric acid and anthraqui- 
none is formed, which when treated with strong sulphuric 
acid (fifty per cent. anhydride), gives the monosulphonic 
acid compound. The sodium salt of this compound, when 
fused with caustic soda in the presence of KC1O, or KNO, 
to prevent reduction, gives sodium alizarate, which last on 
treatment with an acid gives free alizarine. 

WHOLE No. Vo_. CXXX.—(Tuirp Series, Vol. c.) 29 
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Anthracene. Anthraquinone. 


CHGHCH, CH 
do. Na. monosulphonate. 


Reaction to form sodium alizarate 


CO 


+ 3NaOH = C,H,60 


‘CO 


If anthraquinone is treated with an excess of sulphuric 
acid, two disulphonated compounds are produced, alpha and 
beta, which when treated as before yield the two trioxy com- 
pounds flavo and anthra purpurine. These give yellower 
shades than pure alizarine and the commercial alizarine for 
red consists largely of these two substances. 

Purpurine is another isomeric trioxy compound and is the 
natural coloring matter found, together with alizarine, in the 
madder root. When alizarine was first made it was claimed 
to be the same substance as that obtained from the madder 
root but the dyers were not able to obtain exactly the same 
results with it and for some time the reason for this was 
unknown but fuller investigation proved that the two were 
not identical but differed as stated above. Commercially, 
alizarine is sold in the form of a paste containing twenty per 
cent.of dryalizarine. Its present price is nineteen to twenty 
cents a pound and at this price it is not more than one- 
fourth as expensive as madder when the amount of color 
produced is considered. For many years, however, it sold 
for over a dollar a pound and at this price could not come 
into common use. 

It is now almost universally used for all fast shades in 
which a red coloring matter is needed and has largely super- 
seded the use of the natural red woods. By the use of dif- 
ferent mordants a variety of colors can be obtained, as 
shown in the dyed samples. The most useful and generally 
used mordant for this class is bichromate of potash and the 
shades thus produced are exceedingly fast. 


C,H,{ONa), 
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ALIZARINE ORANGE, 


This is obtained directly from alizarine by treating its 
solution in petroleum spirit or glacial acetic acid with nitric 
acid, when beta-nitro alizarine, the alizarine orange of com- 
merce, is produced. On wool, mordanted with alumina, 
very fine orange shades are produced, while on a chrome pre- 
paration the shade isareddish brown. It is also used in 
cotton printing but its chief interest is that it is the inter- 
mediate product in the manufacture of alizarine blue. 


ALIZARINE BLUE. 


This is produced from alizarine orange by treatment with 
glycerine and sulphuric acid whereby a dihydroxy anthra- 
quinone quinoline is produced, which is alizarine blue. It 
possesses both acid and basic properties and is entirely 
insoluble in water and as it will not remain in suspension 
like alizarine much inconvenience was experienced in its use. 
By treatment with bisulphite of soda a soluble compound 
is formed which is not affected by calcium or magnesium 
salts, or by weak acids. It is decomposed when heated 
above 70° C., so that when fixed on the fibre and heated above 
this point the insoluble compound is precipitated. This 
substance is now being extensively used in wool dyeing and 
is proving a formidable rival to vat blue. It is being exten- 
sively tried in Germany in connection with others of this 
class for army and police cloths. 

Alizarine blue was patented in 1878 and was first intro- 
duced about 1880. 


ALIZARINE BROWN, 


CO a 
CH. CH OH» (ofr. 6x) 

This is one of the five known isomers of trihydroxy 
anthraquinone, four of which are coloring matters. It is 
not obtained from anthracene, but from the action of pyro- 
galic acid on phtalic anhydride, in the presence of sulphuric 
acid or zinc chloride. 


O + C,H,(OH), = C,H, C,H(OH), + H,0 
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Also by the action of gallic acid on benzoic acid in the 
presence of sulphuric acid. 


‘C,H,COOH + C,H,OH),COOH = 


C,H(OH), + 2H,0 

This forms the essential constituent of commercial aliza- 
rine brown. It has been in use only a few years (having 
been introduced in 1886 by the Badische Company), and 
is dyed on wool prepared with bichromate of potash, and 
gives very fine shades. Its price at present prevents its use 
in many cases, although it is being used to a considerable 
extent for certain classes of work. In time it will probably 
prove a serious competitor to the compound browns at 
present used. 

ALIZARINE BLACK. 


This comes in the form of a paste, whose principal con- 
stituent is the bisulphite compound of napthazarine. On 
chromed wool it produces all shades, from a gray to a black, 
according to the amount used. For light gray shades it is 
very useful, but at its present price it cannot compete with 
the other blacks. 

It has been introduced only some three years (1887). 


GALLOFLAVINE, 2 


This is a yellow dyestuff which was also introduced but 
a few years ago (1886, Badische). It yields quite bright 
shades of yellow on chromed wool. 


ALIZARINE GREEN. 


In 1888 it was discovered that alizarine blue, treated with 
sulphuric acid or anhydride would yield a number of pro- 
ducts, some of which have been introduced commercially as 
dyestuffs. 

Alizarine green and alizarine indigo blue are both made 
in this way, and the first yields shades of a bluish green, 
while the second gives shades very similar to those pro- 
duced by vat indigo. At the present time these dyestuffs 
are rather expensive, owing to the roundabout method by 
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which they are produced, but if a more direct and cheaper 
method of making them is discovered, they will, no doubt 
come into very general use. 

Besides these dyestuffs, which are directly related to 
anthracene, we also have a few others derived from pyro- 
gallic acid and whose constituents are still unsettled. These 
dye similarly to those of the anthracene group, and may in 
fact belong to that class of dyestuffs, but so far they have 
not been fully investigated, and it is not known fully just 
where they belong chemically. 


GALLEIN., 


This is made by heating pyrogallic acid and phtalic anhy- 
dride to 200° C. and dissolving the product in sodium 
carbonate and then on treatment with acid the coloring 
matter is precipitated. 

OH 


OH 


The dyestuff comes in the form of a paste and on 
chromed wool gives a very fine purple shade. 
The dyestuff is also sometimes called anthracene violet, 
alizarine violet, etc. 
COERULEIN. 


This is made from the above by treatment with strong 
sulphuric acid and the dyestuff thus produced is a black 
precipitate nearly insoluble in water. By treatment with 
reducing agents in an alkaline solution coerulein, the phtalein 
of coerulein, is formed and this can be used in dyeing simi- 
larly to the indigo vat. By treatment with a bisulphite, 
coerulein is converted inte a soluble compound which will 
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dye chromed wool a very fast green and which can also be 
used in cotton printing. 

The constitution of coerulein is not fully known but it is 
supposed to be a derivative of phenyl anthracene and if so 
belongs to the anthracene dyestuffs. 


Phenyl anthracene. Coerulein. 
C,H, C,H,O, 
CH, | C,H, 
\C 
H 


THE ARTIFICIAL VS. NATURAL DYESTUFFS. 


The earlier artificial coal-tar dyestuffs produced shades so 
much more beautiful than those produced with the natural 
dyestuffs that, at first, the accompanying lack of permanency 
was not so much considered. As time went on, however, 
there was a reaction, and a demand for fast and bright colors 
arose, and at the present time the tendency is to discard 
very fugitive coloring matters and replace them by those 
that are fast or fairly so. The acid azo compounds were a 
great advance over those previously used, and many of 
them are as fast or faster than many of the natural color- 
ing bodies. It was not, however, until the discovery of the 
anthracene series that fast shades of every color were made 
possible, and not only are these as fast as the natural dye- 
stuffs, but they are far superior in point of brightness. One 
great advantage in the use of the artificial dyestuffs is that 
in each group of those dyed in the same way we have those 
which will produce the three primary colors, so that, by 
proper combination, all shades can be produced in one dye- 
ing operation. As the natural dyestuffs do not possess this 
advantage, and many of the shades produced by them require 
two or more dyeing operations, the result has been that 
they have been largely displaced by the artificial products 
and only those which present some special advantages meet 
with any extensive use. Principally among these are log- 
wood, fustic, indigo and cutch, all of which are used in 
enormous quantities ; but even now the first and last have 
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strong competitors in the artificial dyestuffs, and it is not 
impossible that in time all the natural coloring matters may 
be entirely superseded. 


MANUFACTURE OF THE ARTIFICIAL DYESTUFFS. 


Since the discovery of the first artificial coal-tar dye- 
stuffs, the manufacture of these products has grown con- 
stantly, until now it is an industry of great magnitude and 
importance. In this country, there are several places where 
this manufacture is carried on, but as a rule the number of 
dyestuffs made in any one place is somewhat restricted, and 
in some cases the entire product is confined to a very small 
number, as magenta, cotton blue, etc. In England, France, 
Germany, and some other countries, but especially in Ger- 
many, this industry has attained its greatest growth, and in 
some cases the works are so large as to resemble a small 
town or village. To show this more clearly, the following 
statistics are given of the size of one of these works, that 
of the Farbwerke, at Hoechst-on-Main, as given in their 
report of the celebration of their twenty-fifth anniversary 
in 1888. ¢ 

They employ 1,860 workmen, fifty foremen, nine engin- 
eers, besides eighty-six clerks and fifty-seven chemists. The 
works cover an area of 726,000 square yards, and from one 
end of the works to the other the distance is 3,300 feet. 
Besides a great variety of dyestuffs, the acids used in their 
production are also manufactured, and the production for 
one year was as follows : 


Kilograms of sulphuric acid,> . . .. . 23,108,000 
12,800,000 
Kilograms of coal-tar products,. .......... 3,624,000 


Statistics of other works are not at hand, but the above 
will give a good idea of the enormous size to which some 
of them have grown. Another important company—the 
Badische—has works at Ludswigshafen, Stuttgart, Neuville 
and Moscow. 

All the foreign dyestuff manufacturers are represented 
by agents here, and enormous quantities of dyestuffs are 
imported yearly. With the exception of alizarine, these 
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have to pay quite a heavy duty, so that possibly some time 


we may be able to manufacture more of these products - 


here and more nearly supply our wants than is the case at 
present. 

In concluding this lecture, I desire to express my thanks 
to the different dyestuff firms of this city for their kindness 
in supplying their latest productions, and in this way 
making it possible to bring to yourattention some products 
which have not yet come into general use. 
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A NEW THEORY or tHE PROPAGATION or WAVES 
In LIQUIDS. 


By L. p’AurRIA. 


While a wave is propagated in a liquid, the particles of 
the liquid which at a given instant are on anv given vertical 
plane X X (Figs. 7 and 2), perpendicular to the direction of 


x! 


the propagation, will, at the next instant, be found dis- 
placed to one side, or to the other, of such plane; and the 
volume of liquid thus displaced, which we indicate by @ Q, 
will be either added to, or subtracted from, the volume Q of 
the wave, which at the given instant is confined between 
the plane 1X, and the abutment to the wave propagation. 
Let v, represent the velocity of propagation; ;, the 
weight of one cubic foot of liquid; and g, the acceleration 
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of gravity. The amount of energy which the variation of 
volume é Q implies is 
2g 


On the other hand, if we denote by zs, the horizontal dis- 
placement P /” of a liquid particle P, at the depth y, below 
the surface of the wave, right on the plane V , the work 
which the displacement sz, implies is 7 s y dy; and the work 
implied in the displacement @ Q will be 


W= rf sydy 


in which & represents the whole depth of the liquid to 


which the displacement s is extended. This work must 
equal the energy £, at every instant, hence it follows 


h 
2 


Now, in regard to sz, we can put zs == f(y); and observing 
that 


h 
fs (y) ay 
we can write 


h 
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But the quantity ° 
fs (y) 


f dy 


represents nothing else but the distance Y, of the centre of 
gravity of the displacement ¢@ Q from the surface of the 
wave; consequently, the velocity of propagation of waves 
in liquids is expressed by the general formula 


v=V (3) 


‘In the case of sea waves raised by the action of the wind, 
the disturbance begins at the surface and is transmitted to 


the lower particles of the liquid mass by cokes‘on. The 
law of this transmission can be fortunately deduced from 
the effect the resistance of river beds produce upon the 
velocity of streams. In fact, we know that, were it not for 
such resistance, the velocity of streams would be equal in 
all parts of the cross-section; and that the effect of such 
resistance is to make the velocity vary from the bottom to 
the surface according to a law well represented by a para- 
bola whose axis is horizontal and somewhat below the 
surface, as shown in Fig. 3. Thus we know that the dis- 
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turbance of the particles at the bottom of the stream is 
transmitted to the other particles according to the law 


s= (4, — xy 
in which 4, is the depth below the vertex of the parabola, 
and f the parameter of such parabola. This same law 
holds good also when the disturbance begins at the surface, 
since the cohesion of the liquid particles is independent of 
pressure; hence denoting, in this case, by 4, the depth of 
the liquid where the horizontal displacement z ceases, we 
have 
h, 
f (ho — dy 
=°* 
J t 


lo 
(A, — vy) dy 


or 
P 


where s, is the displacement of a liquid particle at the sur- 
face. Observing that fs, must be proportional to the force 
of the wind, and that the measure of such force can be seen 
in the amount of liquid raised above the surface, we can 
assume / s, proportional to 4 RX, in which / is the length, 
and & the height of the wave. Then we can write 
4 

(4) 
in which the coéfficient ¢ is to be determined by observa- 
tion. 

According to the observations taken by Dr. Scoresby, in 
1848, on the Atlantic Ocean, waves averaging 26 feet in 
height and 560 feet in length, have a velocity of propaga- 
tion of about 48 feet per second. With these data, equation 
(4) gives ¢ = 4°37, approximately. 

Again, according to other observations taken by inde- 
pendent observers, it is found that waves averaging 15 feet 
in height and 300 feet in length, have a velocity of propaga- 
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tion of about 36 feet persecond. With these data, equation 
(4) gives c = 4°39, approximately. 

The closeness of these two values of ¢ is certainly 
remarkable, considering the diversity of the data presented 
in the two sets of observations reported above. We can, 
therefore, write with confidence 


v= 438 VIR (5) 


In the case of the tide wave raised by the action of the 
luni-solar disturbing force upon the waters of the oceans, 


. we know that the horizontal component of such force at 


any given place is constant at all depths, and therefore the 
displacement z is also constant. Consequently, we have 
Y =44,in which 4is the whole depth of the ocean; and 
substituting in equation (3), we find 
v=V gh (6) 
In tidal rivers, if we denote by #,, u, and ,, respectively 
the mean, the surface and the bottom velocities at any given 
instant in any cross-section whose depth at that instant is 4, 
we find, assuming the parabolic law of velocities in the same 
vertical, 
Vopr 


and consequently 


We may for simplicity put 

8 
(8) 
and write 
(9) 
There is another reduction to be applied to this formula 
when the depth / is variable in the same cross-section. 
Suppose the depth at a distance x, from one end of the 

cross-section, be represented by 


=f (*) 


then, in order to compute the mean velocity of propagation 
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of the wave through such cross-section, we have to use the 
formula 


dx 


in which 4 represents the width of the cross-section from 
one end to the other. 

. Observing that the mean depth of the cross-section is 
expressed. by 


H= 


we can write 


VgH 


v= 


If we put 


and consequently, equation (9) becomes 


9 
Vp (n+1)¢H (10) 


Denoting by (#,) and (A), the mean depths of high 
water and low water in a given length / of a tidal river, then 
the mean velocities of the crest and the trough of the tidal 
wave in such distance will be expressed, respectively, by 


2 
+ IA) (11) 


and 


V pg (n+ 1)(A,) (12) 
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The value of » in these expressions is not necessarily the 
same. Suppose, for instance, that the river basin enlarges 
considerably at a certain point, so as to become a kind of 
reservoir to the river below. If the enlargement were very 
great, we know that the level of water there would not be 
affected by tide and would stand at the same elevation 


_as the mean level of the ocean. The effect, therefore, of 


any enlargement of basin in a tidal river is to more or less 
reduce the range of tide, and to more or less elevate the 
plane of low water where the enlargement occurs over the 
plane of low water of the river below. Hence, while the 
trough of the tidal wave is advancing in this portion of the 
river, a more or less strong current, due to the higher eleva- 
tion of the plane of low water in the enlarged basin, will 
meet the advancing wave, and finds its escape below the 
surface, or rather near the bottom, where it adds strength 
to the bottom velocity uw, of the ebb. Consequently the 
value of » in such case, in equation (12), may be consider- 
ably larger than the value of » in equation (11), since there 
is no reason for an enlargement of basin to affect the bot- 
tom veivcity w, during high water in any cross-section of 
the river. 

The bottom velocity ~, during low water is certainly 
increased when the river discharges a considerable volume 
of fresh water through the cross-section, for this discharge 
also finds an easy escape near the bottom, on account of the 
advancing wave. In both cases, the tendency is, therefore, 
to increase the value of # in equation (12); and if we assume 
that in such cases the bottom velocity does not differ much 
from the surface velocity, we may consider « = 1, in such 
equation. 

In ordinary cases, the bottom velocity may be considered 
small compared with the surface velocity, and then we find 
according to equation (8), # = #. 

As to the value of x, it is safe to assume that the cross- 
section approaches the parabolic form, when x =}4. Then, 
taking g = 32°17, we find in ordinary cases 


v, = 481 v (A) (13) 
= 4°81 V (14) 
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and for the cases, where the volume of fresh water dis- 
charged by the river is considerable with respect to the tidal 
volume, or where a considerable enlargement of basin 
occurs, as mentioned above, we may put (assuming yp = 1), 


v = 556 V(A,) (15) 


Denoting by @, and @, the delays in minutes of high water 
and low water in the distance / computed in statute miles, 
we find, in ordinary cases, the following formula : 


18°3 
= VA) (16) 


Vv 
and, when the velocity of propagation of the trough is com- 
puted according to formula (15), we find 
1 15872 
6= 
2 V 

Whenever we find that the delay of low water in a given 
portion of a tidal river corresponds with this formula, we 
have an evidence that, during low water, the bottom 
velocity of the ebb is greater than it otherwise would be 
under ordinary conditions; and this increment of bottom 
velocity must be due either to a considerable volume of 
fresh water passing through the various cross-sections of 
the considered portion of river, or to a considerable enlarge- 
ment of tidal basin above such portion of river. (These 
_ facts may be turned to some advantage in the improvement 
of tidal rivers.) 

In order to test the accuracy of the formule (16) and (17), 
we have selected the portion of the Delaware River between 
Edgemoor and Fort Mifflin, in which the delays of high 
water and low water from nearly 400 observations are found 
to be 73 minutes and 81 minutes, respectively. The dis- 
tance between the stations is / = 18°7 statute miles, and 
from numerous soundings and careful reductions made by 
the U.S. Coast and Geodetic Survey (Rep. 1887), is found 


(18) 
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(H,) = 20°5 feet, (H,) = 183 feet. With these data, our 
formule furnish 


6, = 75°5 minutes, 
= 80°0 minutes, 


results which are certainly very satisfactory. 

If we take the portion of the upper Delaware above 
Philadelphia, from Bridesburg up to Burlington, we have a 
case where the volume of fresh water discharged by the 
river is considerable when compared to the tidal volume, 
and consequently for the delay of low water we may 
use the formula (18). Now the distance between the sta- 
tions is / = 12°5 statute miles; and according to a recent 
determination made by the United States Engineers, the 
delays of high water and low water are 59 minutes and 55 
minutes, respectively, and (.7,) = 14'2 feet, (7,) = 13°7 feet. 
With these data, we find 


0, = 60°7 minutes, 


1 
@ = 53°5 minutes, 
2 


also very satisfactory results. 

Again, the portion of the Hudson River, from Governor's 
Island to Dobbs’ Ferry is found below an enlargement of 
basin which is called Tappan Sea, and, therefore, the delay 
of low water must also be computed according to formula 
(18). 

The distance between the stations is / = 24 statute miles 
and the Tide-Tables give tor the delays of high water and 


low water 72 minutes and 60 minutes, respectively. Ac-. 


cording to a publication by the U.S. Coast and Geodetic 
Survey, we find (#/,) = 38°7 feet, (7,) = 341 feet. With 
these data we get 


#, = 70°6 minutes, 
1 

= minutes, 

2 


which results, though not so satisfactory as before, are not 
at all improbable. In fact, so far as the delay of high 


| 
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water is concerned the agreement between the observed 


and computed values is certainly very good ; and the differ- 
ence of five minutes which appears between the computed 
and the observed delay of low water only shows that the 


value of », in the present case, is somewhat larger than 
one. 


PROCEEDINGS 


OF THE 


CHEMICAL SECTION, 


OF THE 


FRANKLIN INSTITUTE 


[Stated Meeting, held at the Institute, Tuesday, November 18, 1890.) 
HALL OF THE FRANKLIN INSTITUTE, 
PHTLADELPHIA, November 18, 1890. 
Mr. T. C. Palmer, President, in the Chair. 


Members present: Dr. L. B. Hall, Dr. H. W. Jayne, Mr. H. Pemberton, 
Jr., Mr. C. J. Semper; Dr. S. C. Hooker, Dr. Wm. H. Greene, Prof. E. F. 


* Smith, Mr. Reuben Haines, Mr. W. W. Macfarlane, Mr. A. A. Moore, Dr. 


Wm. H. Wahl, Mr. Philip S. Clarkson, and a number of visitors. 

The election of Mr. Cabell Whitehead, of the Mint Bureau at Washing- 
ton, as an associate member of the Section, was announced. 

Mr. Pemberton nominated Mr. Richard D. Baker, 216 South Third Street, 
Philadelphia, as a member of the Section. The nomination was referred to 
the Committee on Admissions. 

A letter from Mr. Heyl, the Actuary of the Institute, was read, in which 
certain recommendations were made relative to the course to be pursued in 
paying bills for journals, etc., the contracting of which had already been 
formally sanctioned by the Section. The views expressed met with the 
approval of the Section and the Secretary was directed to so inform the 
Actuary. 

On motion of Mr. Pemberton, it was voted that the Secretary of the 
Institute be authorized to re’.ew the subscriptions to the journals taken by 
the Section. - 

Prof. Smith moved that the Section subscribe for the Bulletin of the. 
French Chemical Society ; the motion was carned. 


WHOLE No. Series, Vol. c.) 30 
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At the suggestion of the treasurer it was voted that he be authorized to 
purchase 1,000 envelopes for the use of the Sectien. 

On motion of Mr. Pemberton, it was voted that the Section suggest to the 
Library Committee of the Institute the propriety of completing the sets of all 
the journals taken by the Section. 

The report of the Committee on the Publication of the Paper by Dr. 
Masser, of Los Angeles, Cal.,on “ The Curve of the Elements,” and also 
another by Dr. Hans von Strombeck, of New York, on “ The Constants of 
Ammonia,” was accepted and the committee was discharged. 

On motion of Dr. Wahl, it was voted that a committee be appointed to 
prepare a circular-letter addressed to chemists at large, setting forth the 
facilities possessed by the Section to receive, examine and publish promptly 
papers of meritorious character on chemical subjects. 

In this circular-letter, he proposed also to call attention to the fact that a 
number of printed copies of an accepted paper would be returned to the 
author, within two weeks of the date of its acceptance by the Section; and 
furthermore to the fact that the publications of the Section are forwarded 
promptly, as advance sheets, to the leading chemical! journals at home and 
abroad. 

The following nominations of officers for the ensuing year were then 
made: For President, Dr. Wm. H. Wahl; for Vice-Presidents, Mr. H. 
Pemberton, Jr., and Dr. Wm. H. Greene; for Secretary and Treasurer, the 
present incumbents in each case; for Conservator, Dr. Wahl. 

Dr. Greene then presented a paper by himself and Dr. Wahl, on “‘Alloys 
of Sodium and Lead." It was referred for publication in the Journal. 

Dr. Greene also stated that he would submit a number of specimens of 
new alloys proposed by the authors at the next meeting. 

Dr. Wahl then read an abstract prepared by Prof. C. F. Himes, of Car- 
lisle, describing a new photographic process without the use of metallic salts, 
based on the light sensitive properties of primuline. It was referred for 
publication. In connection with this paper Mr. Macfarlane stated that the 
active substance of the process, known as “ primuline,’’ and the primuline 
dyes in general, had been abandoned in dyeing, because of the fact that they 
would stand exposure to direct sunlight for only a short time before fading 
out. 

Dr. Jayne called attention to a chart illustrating clearly the details of the 
new process for manufacturing nitric acid, invented by Oscar Goodman, and 
recently described in various journals. 

Mr. Palmer exhibited a piece of logwood which was unusual in present- 
ing a bronzy green surface, such as is commonly found only in chipped 
wood that has been put through the process of curing. This fragment was 
part of a log six feet in length, taken from a wind-shaken tree through which 
rain-water had percolated. The rain-water, probably by the action of the 
ammonia contained in it, had produced a result analogous to that secured 
by the usual curing process. 

Adjourned. Wm. C. Day, Secretary. 
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Chemical Section. 


On somME CONSTANTS or AMMONIA.* 


By Dr. HANS VON STROMBECK.” 


[Read at the Stated Meeting of the Chemical Section, October 21, 1890.]} 


If we have to calculate the dimensions of a refrigerating 
machine it is absolutely necessary to know the exact value 
of the heat of evaporation (latent heat) of the liquid by 
means of which the cooling effect is produced. Though in 
these calculations all designers take the heat of evaporation 
of liquid ammonia to be about 540 English or 300 French 
thermal units, nevertheless many of them claim the heat of 
evaporation of ammonia to be in reality about 900 English 
or $00 French thermal units. The reason for this assertion 
is that on being determined the first time the heat of 
evaporation was found to be about 500 French thermal 
units. But, as afterwards it was proven that the ammonia 
used in this test contained a good deal of water, H. V. 
Regnault repeated the tests with ammonia, absolutely free 
of any moisture, and found the average figure of the heat 
of evaporation to be 294'2 French thermal units. To prove 
once more that this latter figure is correct, and also to decide 
some other questions relating to ammonia, at the sugges- 
tion of Mr. Louis Block, Chief Engineer of the De La 
Vergne Refrigerating Machine Company, I determined by 
a series of tests: 

(1) The specific heat of liquid ammonia ; 

(2) The total heat, heat of evaporation and heat of liquid 
of ammonia ; 

(3) The heat of absorption of ammonia ; 

(4) The heat of combination of liquid ammonia and water. 

To this is added: 

(5) A table showing the difference in the figures for the 
total heat of evaporation and the heat of absorption. 


* From the laboratory of the De La Vergne Refrigerating Machine Co. 
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I-—DETERMINATION OF THE SPECIFIC HEAT OF LIQUID 
AMMONIA. 


The determination was made in the usual way: The 
steel cylinder (#,) containing the liquid ammonia (1/7) was 
suspended in a jacketed drum and heated up to a certain 
temperature (7 + 4,) by means of the vapor of boiling 
methylic alcohol which circulated in the jacket. After the 
liquid ammonia was heated up to a constant temperature, 
which took about six hours, the steel cylinder (#,) with its 
contents (47) was quickly put in the brass calorimeter (s) 
which was filled with a certain quantity of distilled water 
(m) of a certain temperature (7). By the heat given to m 
and # by Mand »,, the temperature of the water rose from 
t degrees to ts + d degrees. From the figures thus obtained 
the specific heat of the liquid ammonia can be calculated. 

In the following, all temperatures are in degrees Celsius, 
all weights in grammes, all measures in cubic centimetres, 
all thermal units are French ones. The liquid ammonia 
used in all the following tests was manufactured in the gas 
plant of the De La Vergne Refrigerating Machine Company. 

Its composition was: 


99°926 per cent. ammonia ; 

0055 per cent. mineral oil (liquid base) which originates 
from a patented process used in the manufacture 
of the liquid ammonia; 

per cent. moisture. 

If, in the following: 


M = the weight of the gaseous and liquid 
ammonia and its contaminations in 
the steel cylinders ; 

— — = the weight of the liquid ammonia; 

m = the weight of the water in the calori- 
meter; 

=the weight of the brass calorimeter 
and the metal part of the agitator; 

o = its specific heat; 

foo = its value in water; 

/4 9, = the value in water of the thermometer 
in the calorimeter; 
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#4 = the weight of the steel cylinder ; 
¢, = its specific heat; 
== its value in water; 
v= the contents of the steel cylinder in 
cubic centimetres ; 
¢(7 + 4,) = the specific gravity of liquid ammonia 
at 7 + dé degrees; 
¢ (T + 4,) = the pressure in atmospheres exerted by 
gaseous ammonia at 7 + d' degrees; 
#4 = the weight of the gaseous ammonia 
above the liquid at 7 + d' degrees 
and corresponding pressure ; 
== its specific heat at constant volume ; 
its value in water; 
the weight of the mineral oil contained 
in M— yp», grammes of liquid am- 
monia; 
== its specific heat; 
= its value in water; 
= the weight of the moisture contained 


in M— p», grammes of iiquid am- 
monia; 


e (rt + 0) = the specific heat of liquid ammonia at 
+ degrees; 
gd (r + 6) =the pressure in atmospheres exerted 
by gaseous ammoniaat + degrees; 
fs = the weight of the gaseous ammonia 
above the liquid at degrees 
and corresponding pressure; 
fs — & = the weight of the gaseous ammonia, 
which became a liquid when the 
temperature went down from 7 + 4, 
to + degrees; 
r = the heat of evaporation of liquid am- 
monia in thermal units; 
(#43 — #45) 7 == thermal units developed by the lique- 
faction of — grammes of gase- 
ous ammonia; 
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¢ = the temperature indicated by the ther- 
mometer in the water of the calori- 
meter at the beginning of the test; 

t= the temperature indicated by the 
thermometer in the water of the 
calorimeter at the end of the test; 

3 = the fraction of a degree, which is to be 
added to tr, so as to obtain the tem- 
perature; 

t= +06 which the water in the calorimeter 
would have had, if no loss of heat 
had taken place by the cooling influ- 
ence of air and by radiation; 
t+ 0—+z#=the corrected number of degrees by 
which the water in the calorimeter 
was heated up; 

7 =the temperature of the gaseous and 
liquid ammonia and its contami- 
nations in the steel cylinder and 
of the cylinder itself, as indicated 
by the thermometer; 

6, = the fraction of a degree, which is to be 
added to 7,so as to obtain the tem- 
perature; 

7T+-8, which the thermometer would have in- 
dicated if its mercury column had 
not projected over the cover of the 
jacketed drum ; 

7 + 6, — (t + 46) = the decrease of temperature, which the 
gaseous and liquid ammonia and its 
contaminations in the steel cylinder 
and the cylinder itself underwent; 

x =the specific heat of liquid ammonia 
that is to be determined. 


We have— 

(m + po + m4,)(t — 

+ + + (T + 8, + — 
_ 
(M — ps — — (T + 6, — (t + 


a 


Al 
M— pus 
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AUTHENTICAL Paoors oF THE DeTeRMINATION OF THE Heat or Liguip AMMONIA. 
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|1357°6 | 


127°7516 
g80°o 


0°0939 


0°11 7687 
159°77 


|262°75 


0°4618 
0°033 
0°024 


2. 3- 4 5. 6. 7: 8. 


128"1 | 128*1 128'1 128°0 128°0 128°0 
127°5313 127°5276 127°5237.  127°4266 127°4262 1274206 


i These values are the same in all eight tests. 


0°5466 | 05471 0°5473 | 0'5469 0°5457 0°5454 
27°21 +2698 26°92 27°41 27°13 27°55 27°69 

0°4737 074904 0°4813 0° 4784 0° 4788 0°4844 
0°3606 | 03606 | 03606 | 0°3606 0°3606 0° 3606 0° 3606 
| 0°8735 0°1795 0°'737 | 01747 
0'5929 | 0°5926 | ¢ $9°7 0.5965 0.5892 5886 0.5893 


11°24 12°23 12°45 | 22°19 


11°27 11°35 | «81°99 | 
0°3626 | 03624 | 0°3704 | 03854 0°3784 (03788 
| 0"1200 0°0959 0" 1000 0°C955 o"1056 
32°66 33°83 35°30 | 28°21 29°42 28°10 3106 
18°25 18°64 | 20°40 | 18°00 21°83 22°20 21°39 
28°71 28°93 30°28 28°67 31°42 32°00 | 32°38 
28802-2902 30°394 28°724 31°539 32°073 31°495 
10°552 10°38 9°904 10°724 9°799 9°873 10°085 
62°45 62°05 | 62.70 62°26. 63'02 63°14 
0°077 o'075 o'069 0°073 | 0*078 0°07 0°073 


} 63°213 


62°527 62°125 62°039 62°773 62°338 63°09 


¥°20757 1°2 1242 1°22941 1°22563  1°22720 1°24707 
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As this result was somewhat surprising, I wanted to make 
absolutely sure that no mistake had taken place in these 
tests; I therefore filled distilled water into the steel cyl- 
inder #, and determined its specific heat. As I expected, I 
got a value close to one, namely 0°99302. 

The values of », and , were calculated in the following 
manner; I take the figures obtained in the sixth test for 
example : 

(1) Z + 0,=:62°338° ¢7 +0,=0°5469 + 6, = 27°13 atm. 

M = 1280 grs. v = 262°75%™ 1° of gaseous 
ammonia weighs at 0° and 760™™ pressure 0'°0007614 grammes. 
Consequently, if the steel cylinder were entirely filled with 
liquid ammonia, its contents would weigh 262°75 x 0°5469 = 
14368 grs. As they weigh only 1280 grs., we have the 
following equation: 262°75™ : 14368 grs. = #™ : gts. 
x = 234:04™ were filled with liquid ammonia. The rest 
262°75 — 23404 = 28°71 were filled with gaseous ammonia, 
which under the prevailing circumstances weigh 


28°71 X 0°0007614 27°13 X 273 
273 + 62°338 
(2) fp: T+ = + = 05892 Ht + = 12°23 
atm. Doing the same calculations as above we obtain 
x = 217°43°™, or 45°32™ were filled with gaseous ammonia, 
which weigh 0°3784 grs. 


= 0°4784 


Il.—DETERMINATION OF THE TOTAL HEAT—HEAT OF EVAPO- 
RATION AND HEAT OF LIQUID OF AMMONIA, 


In making this test I generally followed the course 
taken by H.V. Regnault (cf. Ann. d. chim., xxiv, p. 375, pf.), 
but made the following two modifications : 

(1) I introduced the value 1.22876 determined sub. I) for 
the specific heat of ammonia which Regnault supposed to 
be 0°799. 

(2) I determined the value y, (cf. p. 476, pf.) which is 
necessary to be known for the calculation of the total heat 
and heat of liquid. 

The test was made in the following way: The apparatus 
consists of two calorimeters ABCD and EFGH, which are 
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filled in each test with 4,300 and 600 gts. of water respectively. 
Three tanks securely connected with each other by the 
brass-block adcd are put in the first calorimeter. Tank /KL 
is filled with the liquid ammonia P. During the test the 
ammonia gas escapes through the cock Z (the construction 
of which allows the regulation of the escape of the ammonia 
in the minutest manner) and the tanks WNO and POR into 


Fic. 1. Apparatus for the Determination of the Latent Heat of Ammonia. 


tank UV W, put in the second calorimeter, and from it 
into the atmosphere. Small semi-circular plates are spirally 
fixed in these tanks so as to cause the gas to entirely equalize 
its temperature with that of the surrounding water. A 
small mercury manometer connected with PQR allows the 
control of the pressure of the escaping gas at any moment. 
By means of the agitator y, the temperature of the water is 


i 
‘ to manometer 
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kept the same in all strata. To lessen the influence of the air 
and to prevent the calorimeters as much as possible from 
radiating, the calorimeters are covered with wooden covers 
and the whole apparatus put in a wooden box. 

The first calorimeter with its three tanks weighs 3,800 grs. ; 
the second one 1,579 grs. The specific heat of their 
material (brass) being 00939 their values in water are 356°8 
and 148°3 grs. respectively. Consequently the total weight 
of water (47) which is to be heated up in the first calori- 
meter is 4656°8 grs.; the total weight (J/,) in the second 
calorimeter 748°3 gts. 

In this paper I shall always add to each item the figures 
obtained in the sixth test. What quantity P, (114°63 grs.) 
of the ammonia P (114'95) in tank /KZ (capacity 242°05°™) 
was present in a liquid state, and what quantity P— P, 
(0°32) was present in a gaseous one, was calculated in the 
same way as #, in I, p. 472. 

If 7 is the temperature of the water in the first calori- 
meter at the commencement of the test (20°69); 

If 7, is the temperature of the water in the first calori- 
meter at the end of the test (13°°82); 

If 7, + é is the corrected temperature of the water in 
the first calorimeter at the end of the test (13°°5725); 

If 7— (7, + 4) is the number of degrees by which the 
water was cooled down (7°1'75) ; 

T + 7, 

meter (17°°255) ; 

If @ 7 is the tension of the ammonia vapor at 7° 
(6643™") 

If @7, is the tension of the ammonia vapor at 7,° 
(5252™™) ; | 


If p 7A is the average of both tensions (§947™") ; 


is the average temperature in the first calori- 


If s is the temperature of the water in the second calori- 
meter at the commencement of the test (19°11); 


If z, is the temperature of the water in the second calori- 
meter at the end of the test (18°°83); 
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If r, + 4, is the corrected temperature of the water in the 
second calorimeter at the end of the test (18°9816) ; 

If tr — (t, + 4,) is the number of degrees by which the 
water was cooled down (0°'1284) ; 


If 4 is the average temperature in the second calori- 


meter (18°97); 

If ¢ is the mechanical equivalent of heat used under the 
prevailing circumstances by the gaseous ammonia for its 
expansion (317°4); 

If ¢ is the specific heat of gaseous ammonia (0°5084) ; 

If C is the specific heat of liquid ammonia (1°22876). 

The loss of heat, which both calorimeters together 
undergo, is 


M(T—(T, + + + = — 331448 — 968 
= — 33241°6 thermal units. 
But we have to make some corrections. There are to be 
subtracted : 
(a) The quantity of heat s required by P — P, for chang- 
ing its temperature from 


T° tor®; s=(P—P)¢e(7 = — 02 
(8) The quantity of heat g, required by P — P, for ex 
partding down to the atmosphere: 
_ 10383 (P—P,) (278+ 7)_ 9°3 
07614. 273 


(y) The quantity of heat s, required by P, for changing 
its temperature from 
J, 4, 
to 2 


after it had become a gas; 


5 = Pre — AL) = —1000 
There are to be added: 
(d) The quantity of heat s, which would have been 
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required by P,, if it had been filled into the tank /KZ at 


(e) The quantity of heat g, required by /,, in order to 
cool itself down to the temperature 7,, at which in reality 
it evaporates in tank /KL. 

From the commencement of the evaporation, as soon as 
the gas begins to expand, the pressure prevailing in /KL 
ceases, being the one which corresponds to 


but it is lower. But if the pressure become lower, the 
temperature of evaporation must correspondingly become 
also lower, temperature and pressure of saturated vapor 
being dependent upon one another. Regnault, in deter- 
mining the heat of evaporation of liquid carbonic acid, 
determined the decrease of temperature (y,), which must be 
given to carbonic acid, in order to produce a cooling effect 
equal to the one produced, if it expands from a pressure of 
1,000" above the atmosphere down to the atmosphere. 
This value y,, not being known for ammonia, I determined 
it, entirely following the way used by Regnault, in deter- 
mining y, for carbonic acid. 

We first determine the decrease of temperature (y), 
which must be given to the unit of gaseous ammonia, in 
order to produce a cooling effect equal to the one produced 
if it expands from a pressure above the atmosphere @ down 
to the atmosphere, and from the so obtained value y we 
calculate the value y, for a pressure of 1,000" above the 
atmosphere. 

Ammonia gas is developed in tank A (Fig. 2) and 
passes through the coils lying in the large tank BCDB, 
filled with water. At @ the pipe enters the calorimeter 
IKLM. Atun, the pipe of an inside diameter of 5™™ 
suddenly changes to a capillary tube, which at o changes 
again to a pipe of 5"" diameter. An agitator in each tank 
keeps the temperature of the water equalized in all strata. 


1 
1 
degrees, 
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The ammonia, on entering the capillary tube at x, has the 
pressure corresponding to the temperature of the water in 
the large tank. On entering the wider tube at o and while 
passing through it, it expands down to the atmosphere. 
We admit that while passing through both tubes, the am- 


monia gas has the same temperature as the water in the 
calorimeter. 


= 


Fic. 2. Apparatus for the Determination of ». 
If M = the total quantity of water which is to be heated 

up, consisting in each test of 767 or 768 grs. of 

water and 104 gts. value in water of the tank; 

d = the pressure above the atmosphere expressed in 
mm. of mercury, at which the evaporation of 
ammonia takes place; 

mz = the weight of the ammonia; 

3 = the average temperature of the ammonia on enter- 
ing the calorimeter; 
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#, = the average temperature of the water in the calori- 
meter; 
6 = the change of teniperature which the water in the 
calorimeter underwent; 
w = the loss of heat caused by the ammonia by chang- 
ing its pressure from @ to the atmosphere /; 
¢ = the specific heat of gaseous ammonia = 0°5084. 

We have: 

The gaseous ammonia z entering the calorimeter at J 
and leaving the same at #,, for doing so uses a quantity of 
heat zc (# — #,),its value being positive or negative, accord- 
ing to the value of } >or<#,. The quantity of heat 
taken from the calorimeter is 7 6. Consequently we have: 

or o= UM (6 — 4#&). 

From the definition given of y follows that 

Introducing the above obtained value for w into this 

equation, we have: 


j= aud consequently as y, = 7” 
me p 
y= — (8 1000 
The tests gave the following figures: 
1. | 2. 3. 

M, grs 871'0 872°0 872"0 
eee | 18°563° 18°496 18°585 19°485 
17°654° 14°996 19°325 | 18°871 
— | "909° 3°500 —o84o | o°614 
6, Oe — 1°538° — 0°9887 — 0°7403 — 0°7303 
M 6, 13396 — 861°2 — 645°3 — 636°6 
c(d _ 688°8 — 69°6 52°7 

| 
— 1509 c — 1550%o — 375°7 

| 


f 
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Taking the average, we obtain y, = — 1°°453. 

We return now to p. 476. Even now we are not able to 
determine the temperature 7, directly, but we can determine 
the pressure (/) at which the ammonia in tank /AZ evapor- 
ated and from it figure the corresponding temperature 7,. 

The gas P, as well that developed by the liquid /, as the 
gaseous one P — P,,expands from the unknown pressure 
to the atmosphere A, for which it requires a quantity of 
heat g, expressed, according to the above said, by 

2 
equation (1) g, = Pcy, i 

The gas P, by its passing through the second calorimeter 
under the pressure H, takes J, (r —(r, + 6,)) thermal units 
from it, during the same time changing its temperature 
from 


for which purpose 


thermal units are required. If the gas P/, on its entering 
the second calorimeter, had had the temperature 


2 


which it has on leaving the same, the heat required ¢, 
would be expressed by 


equation (2) ¢, = +P, 
Now, if the calculated average pressure 
+ 7; 
2 
be the real prevailing one, 
7, 
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must be equal to 7. Thus by putting the value obtained for 
T + 7, 
2 
in equation (1) for f and by figuring up both equations for 
Jo. we must, of course, obtain the same value for g, if our 
supposition 
T + 7, 
2 
to be equal to / be correct. Again, taking the figures 
obtained from the sixth test, we have 
From equation (1) g, = — 433°3 
From equation (2) g, = — 191°4 
whence follows that / is not equal 
T + 7, 
? 2 


but smaller. If we introduce the value obtained from equa- 
tion (2) for g, into equation (1) and figure it up for f we have 


f= 1000 + = 3018™™ 
HP 


This was the real prevailing pressure at which the liquid in 
tank /KZ evaporated. 

The boiling point 7,, correst mding to this pressure, is 
— 0°06. Consequently we have— 


—7,) =— 24461 


Thus, the total heat (Q) required by the quantity of 
ammonia (/), at a certain temperature 


Q=M(7T—(7,+ 0))+ M —s—g¢ 
— 5, + 54+ 9g, = — 359658 
or 
The total heat (4) required by the unit is . 


= — 313°7 thermal units. 
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The heat of liquid (g) of the unit is 


== — thermal units. 
The heat of evaporation (7) of the unit is 
Q p =— 2924 thermal units. 


In the accompanying table, I give the figures obtained 


in the tests. 
[Zo be continued.) 


THE ACTION or HYDROGEN SULPHIDE GAS upon 
METALLIC AMINES. 


By EpGar F. SmirH AND Harry F. KELLER. 


[Read at the Stated Meeting of the Section, held October 21, 1890.] 


When pure, dry hydrogen sulphide gas was conducted 
over palladammonium chloride, Pd (NH,Cl),, no change 
occurred in the appearance of the compound. However, on 
applying a gentle heat (70°-80° C.) to the boat containing 
the metallic amine, the latter gradually assumed a black 
color. This change extended throughout the entire mass. 
Upon increasing the heat ammonium chloride was volati- 
lized. The residue was found to consist of palladium and 
sulphur. Single mineral acids were without effect upon it. 
Aqua-regia attacked it very slowly. 

(I) —0°3790 gram of Pd (NH,Cl), gave o2498 gram of the black 
sulphide. Assuming that the latter is represented by the formula PdS, the 
required monosulphide for the quantity of palladammonium chloride used 
would be 0°2484 gram. 


(11) 02795 gram Pd (NH,Cl), gave 01822 gram sulphide, while the cal- 
culated amount should be 0°1831 gram. 


This behavior of the palladammonium chloride led us to 
expose the following metallic amines to the action of hydro- 
gen sulphide gas: 

PURPUREO-COBALTIC CHLORIDE (Co,Cl,, 
WuHoLe No. Vor. CXXX.—(THIRD SERIES, Vol. c.) 31 
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gram of this substance, finely divided, were weighed out in 
a porcelain boat. The latter was placed in a combustion 
tube of liard glass. This was in connection, on the one 
side with a drying apparatus, on the other with a Peligot 
tube containing water. The latter served to produce a 
back-pressure of the gas, andin this manner the boat and 
its contents were constantly surroundec by an atmosphere 
of hydrogen sulphide. The gas was at first allowed to act 
in the cold. It produced an immediate change. The cobalt 
amine assumed an intense black color. To all appear- 
ances the change was complete in a few minutes, and ex- 
tended through the entire salt. On the application of a 
gentle heat (80°) ammonium chloride volatilized. Later the 
heat was raised, and a current of carbon dioxide substi- 
tuted for the hydrogen suiphide. The boat was allowed to 
cool down in this gas. The final product was dense, and 
black in color. Its weight was 0°2258 gram. Assuming 
the change of the amine was to sesquisulphide the amount 
of the latter, corresponding to 0°5287 gram of the amine, 
would weigh 0°2253 gram. On examining the sulphide it 
was found to consist of sulphur and cobalt. 


ROSEO-COBALTIC SULPHATE (Co,(SO,),,10NH, + 5H,O). 
—This salt, too, sustained an immediate change when acted 
upon in the cold by hydrogen sulphide. There was in addi- 
tion a simultaneous evolution of moisture, and stellated, 
colorless crystals appeared on the walls of the combustion 
tube. These gradually dissolved in the water present, and 
imparted to it an intense yellow color. The crystals were 
(NH,),.S,. On gently heating roseo-cobaltic sulphate in a 
stream ot hydrogen sulphide, it invariably happened that 
when a temperature of 70° C. was attained, the biack mass, 
in the boat, swelled up considerably, and was projected into 
the tube. Some deep-seated change occurred, which we 
are not prepared to explain at- present. 


LUTEO-COBALTIC CHLORIDE(Co,Cl,,12N H,).—This salt was 
affected by hydrogen sulphide in the cold, although heat 
was required to bring about acomplete change. One quan- 
titative determination gave the same resul: as was obtained 
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with purpureo-cobaltic chloride, 7 ¢, the product was 
evidently cobalt sesquisulphide. 

Of the cobalt amines examined, the roseo-derivative was 
most rapidly changed by the gas. We have good reasons 
for believing that we can make this reaction serviceabie in 
the determination of cobalt in these bases. 


PURPUREO-CHROMIC CHLORIDE (Cr,Cl,,10NH,).—We ex- 
posed this salt for a long period,in the cold, to the influence 
of hydrogen sulphide, without its sustaining any altera- 
tion. On raising the temperature so that it was slightly 
lower than the dissociation temperature of hydrogen sul- 
phide, the purple-colored amine became quite black in color. 
It had a velvety appearance and resembled the chromium 
sesquisulphide obtained by other methods. 


(I) 0°6390 gram substance gave 02640 gram sulphide. The theoretical 
amount should be 0°2629 gram. 


When this sulphide is exposed to a high heat in a cur- 
rent of hydrogen gas, it parts very slowly with its sulphur. 

It is our intention to apply this reaction to other metallic 
amines as soon as we can do so, though at present our work 
has been interrupted by unforeseen circumstances. 


UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, October 17, 1890. 


ALLOYS or SODIUM anp LEAD. 


By Wa. H. GREENE AND WM. H. WARL. 


[Read at the Meeting of the Chemical Section, November 18, 1890.) 


Recently, in the course of certain investigations, in which 
wé had occasion to make use of alloys of lead and sodium, 
we found that the. properties of such alloys did not cor- 
respond with what we had anticipated from previous publi- 
cations on the subject, and we were led to an examination 
of the properties of lead-sodium alloys of definite composi- 
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tion. These alloys may easily be made by direct combina- 
tion, and the products are then sensibly constant in composi- 
tion, which is not the case when they are prepared by 
reducing lead oxide by carbon in presence of soda, or by 
heating litharge with sodium tartrate, as described by Van- 
quelin and Serullas. 

The required quantity of sodium was added to lead 
melted in a covered crucible, and the alloy was roughly 
analyzed by determining lead only. Our alloys contained 
from three to thirty-one per cent. sodium. They are all 
brittle and crystalline; all decompose water, that containing 
the least sodium producing a hardly perceptible evolution 
of gas, while that containing thirty-one per cent. reacts with 
violence. The brittleness and oxidability increase with the 
percentage of sodium. The richest alloy is greenish in 
color and instantly blackens on exposure to air. 

We made special examinations of the alloys correspond- 
ing in composition to Na,Pb,, Na,Pb and Na,Pb: the first 
of these contained ten per cent. sodium, the second 19°5 per 
cent, rather more than would be indicated by the formula, 
while the last contained 31°7 per cent. The densities 
were determined in aniline and found to be considerably 
higher than would be the densities of mixtures of the same 
composition. Thus the ten per cent. alloy has a density of 
691, the 19°5 per cent. a density of 461, and the 31°7 
per cent. alloy a density of 3°81. The densities of corres- 
ponding mixtures would be 5°6, 37 and 2°7, respectively. 

The theoretical and calculated percentages of Na in 
alloys of above assumed composition compare as follows: 


| 
. 
| 
PheNa Pb,Na 
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A NEW PHOTOGRAPHIC PROCESS wItTHouT 
METALLIC SALTS. 


This process was presented at the recent meeting of the 
British Association for the Advancement of Science, by Mr. 
A. G. Green, and his co-laborers, Messrs. Cross and Bevan, 
ina paper detailing highly successful experiments with 
primuline for producing designs on cotton, linen or silk 
cloths, on paper, and, by aid of gelatine, on glass, etc., by a 
“photographic method of dyeing and printing.” The pro- 
cess requires no longer time of exposure than that with 
silver salts, whilst it has a more general range of sensitive- 
ness in the spectrum, and at the same time affords the 
choice of a great variety of colors for the finished prints; 
and as primuline is a commercial article used on a large 
scale, it is comparatively inexpensive. The process will 
only be outlined in brief. Primuline, a coal-tar product, is 
an amido-sulphonic acid discovered by Mr. Green, in 1887, 
and named by reason of the primrose yellow color imparted 
by it to cotton in alkaline solution, without a mordant. It 
has been quite extensively used for producing a great 
variety of colors in cotton cloth by diasotising the compound 
in the cloth dyed with primuline, by passing it through a 
weak solution of nitrous acid, or rather of a nitrite with an 
acid, and thus imparting to it the property of combining 
with various phenols or amines to produce in the fabric a 
variety of highly colored, very fast dyes—the so-called in- 
grain colors, the particular color in any case being deter- 
mined by the phenol or amine employed in solution rend- 
ered acid or alkaline as may be necessary. It was found 
that the diazotized compound is extremely sensitive to 
light, which destroys this property of combining with the 
phenols and amines, so that a fabric dyed with primuline, 
then washed and treated with nitrite of soda and acetic 
acid, and again washed, and then exposed, either moist or 
dry under any design, as a drawing or a negative, will lose 
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the property of becoming dyed by the phenols and amines 
in the parts acted upon by light, so that in a subsequent 
treatment with a suitable amine or phenol, as a developer, 
only the protected parts will become dyed, and a print will 
be produced having the positive or negative character of 
the original. Thus the lines of a drawing will be repro- 
duced in color. By selection of the suitable developer not 
only one of a great variety of colors may be given, but by 
applying two developers, mixed with starch paste locally by 
means of a brush, two colors may be produced in the same 
fabric. The fixing of the print is accomplished by simply 
washing it with water. The following developers were 
given: For red, an alkaline solution of beta-naphthol; for 
maroon, of beta-naphthol-disulphonic acid; for yellow, of 
phenol; for orange, of resorcin; for drown, a solution of 
phenylene-diamine hydrochloride ; for purple, a solution of 
alpha-naphthylamine hydrochloride. Paper for copying 
plans, etc., may be coated by means of a brush or roller. 
The process is in its tentative stage and full of promise in 
many directions. According to an article in the British 
Journal of Photography, based on further experiments, and 
giving working formuiz, the dressing should be removed 
from ordinary muslin for use by this process; the exposure 
required is less than with ordinary albumenized paper, but 
negatives of greater density are required; and, what is of 
highest interest, a simple aqueous solution of either of the 
common photographic developing agents, eikonogen and 
pyrogallol, will act as an energetic developer, the former 
giving the much desired ink-black tone and the latter a 
brown tone. C. F. H. 
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NOTES anp COMMENTS. 


MECHANICS. 


THE MANNESMANN TuBEs.—At the stated meeting of the Institute, for the 
month of November, 1890, the secretary exhibited a number of specimens of 
tubes (and of special forms made from the same), rolled by the method 
invented and developed industrially by the brothers Reinhard and Max 
Mannesmann, of Remscheid, Germany, and described the process of manu- 
facture and the uses of the products. The following abstract of a paper 
descriptive of a similar exhibit made by Dr. Hermann Wedding at the 
International Meeting of Engineers, lately held at Pittsburgh, is reproduced 
from the American Manufacturer : 

“ * * * The exhibit was most interesting from an engineering point 
of view, marking, as the invention does, an epoch in the mechanical depart- 
ment of the metallurgy of iron and steel, and being one of the most radical 
innovations ever made in the methods of mechanically manipulating metal. 

“More or less has already been published concerning the process and 
the appliances used in the production of these tubes, though of the import- 
ance which the manufacture has already assumed, the rapidly increasing 
capacity of the plants engaged in their production, and the great measure of 
success which has already attended their manufacture and use, comparatively 
little has heretofore been made public in this country. It is of these last- 
named features with which this article will have principally to deal. And 
while to give a description of the method of manufacture may seem super- 
fluous, a brief sketch of the process may not be out of place in this con- 
nection. 

“ The method is of special use in the making of pipes designed to withstand 
heavy pressures, and must be regarded as an important improvement. It is 
a departure from previous practice in such manufacture well calculated to 
work a revolution in the methods of manufacturing, as well as the results 
obtained, which are most remarkable. The process consists in feeding a 
solid, heated bar of ingot meval between rolls, which, while their axes are 
oblique to the axis of revolution, revolve both in the same direction. The 
meta! of the surface of the bar thus acquires an increased motion in a 
spiral direction, and is drawn over its core, receiving consequently the form 
of a pipe. Since, in this operation, the pipe moves spirally forward, and all 
its parts are spirally pushed and pressed the metal becomes still denser. It 
is this spiral arrangement of the metal which makes the Mannesmann pipes 
so remarkable, quite apart from the advantage they possess in presenting no 
lines of welding whatever. Moreover, blowholes (which are invariably 
present in ingot iron), are so squeezed out spirally as to make the walls of 
the pipe completely impermeable. A proof of this is the retention of hydro- 
gen for weeks in 2 piece of Mannesmann pipe, closed at both ends. Pipes 
thus made and enlarged have been successfully produced of all diameters up 
to eighteen inches. 
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“A serious obstacle which had to be overcome by special design of 
machinery lay in the excessive unit stresses in the teeth of common gearing 
when transmitting very high powers at high rates of speed. Likewise special 
coupling for the different parts of the machinery had to be devised for the 
various parts of the machinery. A special form of fly-wheel for the steam 
engines used was devised, being built up of steel discs with a rim of wire 
under high initial tension, cast-iron wheels being entirely unsuitable for the 
high speeds at which i* is necessary to run the engine. The details of con- 
struction of much of this special machinery has been kept a secret with the 
manufacturers. 

‘In addition to the rolls in making the tubes, a mandrel may be used, 
improving the product, in that the pipe is st once made smooth and more 
nearly perfect inside than would be the case otherwise. 

‘“‘ The proportion of the inside diameter or bore of the tube may be varied 
within wide limits. In work thus far done, it has been possible to make a 
tube, say of one and one-half inches outside diameter, with a bore not larger 
than a small wire, say one-sixteenth of an inch, and in contrast to such tubes, 
pipes are regularly made by this process having an area of bore equal to 
ninety-five per cent. that of the outside measurement, and even this, it is 
claimed, may be readily exceeded if occasion should demand, as experiments 
which have been made clearly demonstrate. 

“The pipes are made in the ordinary length, eighteen to twenty-three 
feet ; they have, however, been turned out in lengths of forty-five feet and 
upwards, thus insuring a considerable decrease in the number of connecting 
pieces required. 

‘*One use to which these tubes seem specially adapted, large numbers of 
them having already been placed on the market for that purpose, is for car- 
bonic-acid reservoirs, their great strength and comparative lightness peculiarly 
fitting them for this purpose. They are made from one piece hammered 
together at both ends, thus entirely avoiding welded bottoms; tubes made in 
this manner have been tested up to 300 atmospheres (4,500 pounds) per 
square inch, and it is claimed as perfectly feasible to make them capable of 
withstanding a pressure of 16,000 pounds per square inch. 

“Their use in the natural gas and petroleum industries will suggest itself, 
as well as for transmitting power long distances by means of compressed air, 
from what has already been said concerning their adoption in Europe for 
similar purposes. 

“It has been found possible to roll a tube of a given length with the walls 
thicker at middle than at the ends, and then by making such tubes of rectan- 
gular or other desired section by re-rolling, to produce beams or girders of 
constant strength throughout their entire length, this being effected by mak- 
ing the billet from which the tube is to be rolled of less section in the middle 
than at the ends in the beginning of the process. It will be seen that by this 
means of producing beams, girders or other structural shapes, the maximum 
of strength may be obtained with a given amount of metal, in some structures, 


railway bridges and roof trusses for instance, an important consideration, ° 


and a use to which the product may be put. And the ordinary tube of cir- 
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cular section presents many advantages as structural material, by reason dial 
the qualities of strength and lightness set forth above. 

“ The samples of these square and other profiles of what may be termed 
tube-rails prove the possibility of turning out Mannesmann-tubes in almost 
any desired form, which, if done, adds much to the available working material 
for the constructing engineer, and this feature of the manufacture and the 
product has been quite fully dwelt upon by various prominen* engineers, 
among whom may be named Messrs. Frederick Siemens, J. G. Gordon, 
Profs. Angstrom, Wedding, Reuleaux and Von Hofer, who have, in papers 
read before engineering societies, described the merits and probable uses of 
this new form of structural material. Prof. Reuleaux has said of it in an 
address: ‘It is undoubtedly true that we have in the Mannesmann process 
an epoch-making invention; it is certain to bring about a great change in 
rolling mills; it has, indeed, already a deep influence on rolling processes. 
The energy and untiring perseverance with which the inventors have worked 
out their plans and put them into actual use deserves our warmest apprecia- 
tion.’ The other engineers above named, all of them of unquestioned ability, 
have announced their confidence in and appreciation of the new invention 
in no less forcible terms than Prof. Reuleaux, just quoted. 

“ The tests to which some of the tubes exhibited had been submitted were 
most severe in their character, and fully showed the superiority of tubes of 
this method of manufacture over those made in the ordinary process of weld- 
ing. Tests of compression and expansion from internal pressure have 
already been mentioned, but the distinctive characteristics of the Mannes- 
mann tubes were, if need be, more fully shown by the torsional tests which 
had been applied. Specimens of these tubes were shown which had been 
bent, rolled and twisted in almost all conceivable shapes, but without destroy- 
ing the tube or breaking or even cracking its walls, all of the tests being of a 
nature which would hopelessly have destroyed a welded tube of ordinary 
manufacture. [Some of the shapes into which these tubes have been bent 
and twisted were shown. | 

“The use of Mannesmann tubes for all purposes where great strength, 
combined with lightness and absolute homogeneity of metal, as for car axles 
and similar uses, has been suggested. It has been found in the experiments 
which have been made that an inferior metal, one not perfectly homogeneous 
in its composition and quality, will not stand the test of being put through the 
Mannesmann rolls, that it is entirely impossible to form a tube out of imper- 
fect material. This being the case, the very fact that a tube has been formed 
by this method is of itself at once a guaranty of the quality of the material 
used, and gives in the product a degree of safety in use never before 
attained. 

“Regarding the physical structure of tubes made by this process, Dr. 
Wedding has found, in the examinations he has made with the microscope, 
that the metal shows a very distinct spiral structure. The tubes of cast steel 
have a number of extremely minute gas bubbles which wind through the 
metal, following closely the direction of the fibres. The presence of these 
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spaces does not appear materially to affect the strength of the pipe, since the 
tests show more than double the strength of similar wrought-iron tubes. 

“At present there are four manufactories of these tubes, all of them being 
in Europe. Arrangements are being perfected by which the manufacture 
will be begun in this country, American capital to be enlisted for that pur- 
pose. The foreign works now in operation are located at Remscheid, Ger- 
many; one at Kotomau, Bohemia; a small works at Bous, Germany, and a 
large works at Landore, Wales, operated by the Mannesmann Tube Com- 
pany.” 


BOOK NOTICES. 


ELECTRO-CHEMICAL ANALYSIS. By Edgar F. Smith, Professor of Analytical 

Chemistry, University of Pennsylvania. (With twenty-five illustrations.) 

- Philadelphia: P. Blakiston, Son & Co., 1012 Walnut Street. 1890. 

The electrolytic process, as applied to the quantitative estimation of 
metals (principally of copper), until lately has been confined to the field of 
the assayer, and chemists as a body hitherto have practically ignored a 
method which, when intelligently employed, has been shown to be capable 
of comparing in accuracy with the most refined gravimetric and volumetric 
methods. It is, indeed, surprising that a field of work so inviting to the 
investigator, and which has yielded such splendid results in the hands of 
technical chemists, should have remained so long neglected. This reproach, 
happily, is in fair way to be removed, since the electrolytic method has 
of late attracted the thoughtful attention of a number of able investigators, 
through whose labors its value as an aid in analytical work has been fully 
demonstrated, and the scope of its applicability greatly widened, so that at 
present—thanks to the investigations of Classen, v. Reiss, Luckow, Smith, 
and others—it is receiving at the hands of instructors in chemistry the 
recognition to which it is entitled, of a place, side by side, with the older and 
standard gravimetric and volumetric methods. 

Prof. Smith's little volume is a timely and useful addition to the list of text- 
books on this subject and will be particularly welcome to English and 
American students, for the reason that it brings the applications of the electro- 
lytic method down to the present, showing incidentally how rapidly its scope 
has been extended, and supplements Classen’s work on the subject, which 
hitherto has been the only one, in English, treating specially thereon. 

Prof. Smith's volume is arranged with the special object of serving as a 
guide for the student, and the preliminary chapters, relating to the action of 
the electric current on acids and salts, the electric units, the sources of electric 
current, methods of regulating and measuring currents, are well adapted to 
his requirements. 

The special part of the volume describes the methods employed for the 
quantitative determination of metals by electrolysis for the separation of 
metals from each other and their quantitative estimation by electrolysis, and 
for effecting oxidations by means of the electric current. A number of the 
processes therein described have originated with the author, who is well 
known as an able and indefatigable investigator in this domain. Ww. 
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CORRESPONDENCE. 


To the Committee on Publications : 
How to measure any angle without a protractor, or without trigonometri- 

cal tables has not to my knowledge been given anywhere. | ne 
The following is my method, the accuracy of which is limited only by the i 

skill of the operator. : 
Let it be required to measure the angle A C B&B. iti 


Describe a circumference of radius C A and carry the chord 4 B around te ms 
the circumference, several times if necessary, until one point of the dividers “ou 
coincides with the point 4. a % 

In the case illustrated, this occurs after going around the circumference hey 
three times with fourteen steps of the dividers. The required measure is, M4 
therefore, ,°; of 360° or 774°. 

The method, it is seen, consists simply in finding graphically a known ey 
arc which is an exact multiple of the arc to be measured. a} 

ii 
Wi] 


8 13 


In the case just considered the known arc is three times 360°; but, of 
course, it need not be a multiple of 360°, it may be one of 180° for instance. 
Producing the radius 4 C to D we find that seven steps of the dividers are 
exactly three times 180°, which gives as before for the required measure 773°. 

It is, therefore, advisable in practice to increase the chances of obtaining 


a coincidence by dividing up the circumference into arcs of known value. ' wi 
The division into six equal parts is suggested as the simplest. mi) 
In cases where an exact coincidence is not obtainable, but one is assumed, ' H 
the error made is divided by the number of steps taken by the dividers. al} ’ 
This must happen whenever the angle to be measured is incommensurable. H a 


JoserpH BECKER. 
WASHINGTON, November 1, 1890. a 
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American Institute of Mining Engineers. Transactions. Vol. 18. 
From the Institute. 
American Society of Microscopists. Proceedings. Vols. 9 to 11. 
From John E. Carter. 
Annales de Chimie et de Physique. Tome 19-27 and 30, 1880-33. Tome 
1-6, 1884-85. From H. W. Jayne. 
Babcock Printing Manufacturing Company. Catalogue H. 
From the Company. 
Boston Manufacturers’ Mutual Fire Insurance Company. Special Circular 
No. 35. From the Company. 
British Patent Office : 
Specifications of Inventions. Vols. 81 to 96 of 1888. 
Loose specifications since June, 1890. 
From the Comptroller-General. 
Carriage Monthly Daily. 1890. From Ware Bros. 
Chemical Periodicals. Twenty-two numbers. From H. W. Jayne. 
Civil Engineers’ Club of the University of Illinois. Selected Papers No. 4. 
From the Club. 
College of Science, Imperial University, Japan. Journal. Vol. 3. Part 4. 
From the Director of College. 
Commerce of Philadelphia from a Commercial Standpoint. 
From E. W. Pharo. 
Connecticut Agricultural Experiment Station. Bulletin No. tor. 
From the Director. 
L’ Exposition de Paris (1889) publiée avec la collaboration Ecrivains speciaux. 
Tome 1-4. From John S. Stevens. 
Frick Company. Ice Making and Refrigerating Machinery. 
From the Company. 
Geological Survey of New Jersey. Final Report of the State Geologist. Vol. 2. 
Part 2. From the Office. 
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Grossherzoglich Badischen Technischen Hochschuie zu Karlsruhe. 
Programme. 1890-91. 
Niederschlags-Verhaltnisse des Rheingebietes. 

Ueber das g-Propylpyridylketon. 

Ueber das g-A&thylpyridylketon. 

Beitrage zur Kenntniss einiger Derivate der Chinolin- und Nicotin- 
saure. 

Ueber ein symmetrisches Triphenylpyridin. 

Der Stein der Weisen. From the Director. 

How to Heat and Veniilate Street Cars in Cold Weather. 

From the Calorific Ventilating Heater Company. 

Institution of Civil Engineers. 

Minutes of Proceedings. Vol. 102. 
Brief Subject Index. Vols. 59 to 102. From the Institution. 

Kansas State Board of Agriculture. Report for September, 1890. 

From the Secretary. 

Manchester Steam Users’ Association. Red-Hot Furnace Crown Experi- 

ments. From the Chief Engineer. 

Manufacturer, The. Eighteen numbers. From E, W. Pharo. 

Massachusetts State Board of Health. Twenty-first Annual Report. 

From the Board. 

Mohonk Conference on the Negro Question. 1890. 

From John E. Carter. 

Montreal Water Works. Annual Report of the Superintendent for 1889. 

From the Superintendent. 

New Jersey Agricultural Experiment Station. Bulletin 72-74. 

From the Station. 

New Jersey Bureau of Statistics of Labor and Industries. Twelfth Annual 


Report. From the Chief of Bureau. 
New London, Conn. Nineteenth Annual Report of the Board of Water Com- 
missioners. From the Superintendent. 


New York State Museum. Forty-third Annual Report. 
From the State Librarian. 


Ohio Agricultural Experiment Station. Bulletin No. 7. 
From the Station. 


Parliamentary Papers. 
Report on the Desirability of Electrical Communication Between 
Light Vessels. 
Report on the Electric Lighting Act Amendment. 
Light-house Illumination. From Brinton Coxe. 
Philadelphia Bureau of Water. Annual Report for 1889. 
From the Bureau. 


Publishers’ Trade List Annual. 1888. From H. C. Baird & Co. 
Rhode Island Commissioner of Dams and Reservoirs. Annual Report for 
the years 1884 to 1889. From the Commissioner. 


Road-making and Maintainance. Articles written for the University Prizes. 
From Dr. William H. Wahl. 
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Royal Society of New South Wales. Journal and Proceedings. Vol. 23. 
- Part 2. From the Society. 
St. Louis Health Commissioner. Annual Report. 
From the Health Department. 
Société des Sciences Industrielles de Lyons. Annales, 1890. No. 2. 
From the Society. 
Société Frangaise d’Accumulateurs Electriques. Announcement and 


Description. From Bulletin Internationale de I’ Electricité. 
Société Industreille dc Mulhouse. Table des Matiéres des Séances du Comite 
de Chimie. : From the Society. 


Société Vaudoise des Sciences Naturelles. Bulletin No. tor. 
From the Society. 
Society of Chemical Industry. Proceedings of First Meeting. 
From H. W. Jayne. 
Street Railway Association of the State of New York. Report of First to 
Sixth Meeting. From the Secretary. 
Tariff Law of 1890. From Henry Pemberton, Jr. 


Thomas, Isaiah. History of Printing in America. 
From Robert B. Davidson. 


U. S. Census Bulletin. No. 13. From Dr. William M. Sweet. 
U.S. Coast Survey. Annual Report of the Superintendent for 1851. 
From Clerk of Customs Department of Canada. 

U. S. Department of Agriculture : 

Division of Entomology. Periodical Bulletin, September, 1890. 

Division of Pomology. Bulletin No. 3. 

Experimeut Statice Record. Vol. 2, No. 3. 

Report of the Secretary. i890. 


Report of the Statistician. No. 78. From the Department. 
U. S. Department of’ the Interior, Annual Report of ihe Secretary. 
Twenty Volumes. From the Departmen. 


Bureau of Pensions. Annual Report of the Commissioner, 1890. 
From the Bureau. 
U. S. Department of Staie : 
Consular Report. August and September, 1890. 
International American Conference. Reports and Recommen- 
sions. 
Papers Rela.ing to Foreign Relations. 1889. 
From the Department. 
Papers on Foreign Affairs. Fourteen Volumes. 
From the Department of the Interior. 


U. 5. Navy Department. Report on the Herreshoff Boiler. 
From Spencer Fullerton. 
U.S. Patent Office. Specifications and Drawings. December, 1889. 
From the Office. 


U. S. Surgeon General's Office. Index Catalogue of the Library. Vol. 11. 
From the Office. 
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U.S. Treasury Department. Annual Report of the Supervising Inspector- 
General for 1890. From the Department. 
U. S. War Department. Annual Reports of the Secretary. Eleven Volumes. 
From the Department of the Interior. 
University Extension Movement in England. Report. 
From the Philadelphia Society. 


University of California. Register. 1889-g0. From the University. 

University of Cincinnati. Publications of the Cincinnati Observatory. No. 
10. Double Stars. From the Astronomer. 

University of Illinois. Catalogue 1889-go. From the University. 


University of Minnesota. Catalogue for the year 1889-go. 
From the University. 
University of the State of New York. One hundred and third Annual 


Report of the Regents. From the Secretary. 
University of Wisconsin. Agricultural Experiment Station. Bulletin. Nos. 

24 and 25. From the Director of Station. 
Ursinus College. Catalogue. 1889-90. From the College. 


Wabash Railroad Company. First Annual Report. 
From the Secretary. 


Wagner Free Institute of Science. Transactions. Vol. 3. 
From the Institute. 


Wagner's Jahresbericht iiber die Fortschritte der Chemischen Technologie 
Register. Band 1 bis 1o. From H. W. Jayne. 
Waltham, Mass. City Documents. 1889. From the City Clerk. 
Water Department. Seventeenth Annual Report. 
From the Commissioners. 


Ward, J. H. Steam for the Million. From Spencer Fullerton. 
Waring, George E., Jr. Sewerage of Columbus, O. From the Author. 
Washburn Observatory Publications. Vol. 6. From the Observatory. 


Waterhouse, S. Advantages of Educated Labor. 
An Appeal to the People. 
Resources of Missouri. 


westward Movement of Capital. From the Author. 
Webster, H. E, Life From the Author. 
Weil, F. Memoire Electro-Chimique. From Carl Hering. 


Whipple’s Electric, Gas and Street Railway Financial Reference Dizsctory. 
From the Fred. H. Whipple Company. 
Wilmington Institute. Thirty-third Annual Report. From the Institute. 
Wisconsin. Commissioners of Labor and Industrial Statistics. Fourth 
Annzal Report. From the Commissioner. 
Wisconsin Dairyman’s Association. Eighteenth Annual Report. 
From the Secretary. 
Wood, J.G. The Illustrated Natural History. Vois. 1 to 3. 
From Reuben Haines. 
Woodbridge School. Announcement. 1890. From the School. 
Woodbury, Merrili, Patten & Woodbury Air Engine Company. Descrip- 
tive Pamphlet. From the Compariy. 
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496 Proceedings, etc. | J.F.L, 
Frankiin Institute 


[Proceeaings of the Stated Meeting, held Wednesday, November 19, 1890.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHiLADELPHIA, November Ig, 1890. 
Jos. M. WILSON, president, in the Chair. 

Present, 172 members and thirty-four visitors. 

Additions to membership since last month, twenty-one. 

The secretary presented letters from Prof. E. Mascart, of Paris, Col. 
Turrettini, of Geneva, and Prof. W. Cawthorne Unwin, of London, accept- 
ing election as honorary members of the Institute; from General A. W, 
Greely, Chief Signal Officer, in response to the official letter cf the secretary 
transmitting the "hanks of the Institute, expressing gratification on behalf of 
hiniself, Captain H. H. C. Dunwoody, and Sergeant T. F. Townsend, of the 
Signal Office, that the policy of the service has merited the approbation of 
the Institute, and the assurance of continued co-operation in the work of the 
State Weather Service; and from M. W. Grosseteste, Engineer of Mul- 
house. sresenting to the Institute a copy of a medal and a pamphlet prepared 
as a manifestsiion of honor to the late M. Gustay Adolph Hirn. In refer- 
ence to the !ast communication, the gift was accepted with thanks, and the 
secretary was directed to acknowledge the courtesy of M. Grosseteste and his 
colleagues, and to convey to him and them a suitadle expression of the high 
appreciation with which the members of the Franklin Institute esteem the 
scientific work of M. Hirn, which has added so much to our knowledge of 
the action of heat in the steam engine. 

In the absence of Mr. F, Lynwood Garrison, the secretary presented a 
brief abstract of his paper announced for the evening, on the manufacture 
of tin-plate. (Referred for pubiication.) 

Mr. Wm. B. LeVan read a paper, illustrated by numerous diagrams and 
specimens, on the proper method of making joints in steam-boilers. The 
paper was discussed by Messrs. Fullerton, Christie, Wiegand and the author. 
(Referred for publication.) 

Mr. W.N. Jennings exhibited a series of photographic views on the 
screen, including several highly interesting pictures of lightning flashes, and 
commented briefly upon the same. 

The secretary's report embraced a description of the process of the 
Mannesmann Brothers, for rolling seamless tubes of steel from the ingot, 
with the exhibition of a suite of remarkable specimens; an abstract of the 
report of the Committee on Science and the Arts on the product of the 
Eureka Tempered Copper Company, with the exkh.bition of a large variety 
of sampies; and a description of two of the most recently devised machines 
of the matrix type, for casting type-bars for printing. These machines are 
designed to de away with the setting up of type by hand. The machines 
specially described were the improved linotype of Mr. Ottmar Mergenthaler, 
of New York, and the typograph devised by John R. Rogers, of Cleveland. 

Adjourned. Wma. H. WAHL, Secretary. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW 


Fok MAY, 1890. 


Prepared under the Direction of the Committee on Meteorology of the 
FRANKLIN INSTITUTE. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADZLPHIA, May 31, 1890. 


TEMPERATURE, 


The mear -mperature of stations for Mav, 18gc, was 58°°8, which is 


ahcut 1° below the normal. 


The mean of the daily maximum ana minimum temperatures 69°°6 and 


47°°4 give an average range of 22° 2, and a mean of 58°75. 
Highest monthly mean 63°'9 at Ac=vil >. 
Lowest monthly mear, 52°°5 a? Fagles Mere. 


Highest temperature recorded durisg the month, 89° on jist, at Wilkes- 


Barre. 
Lowest temperature, 23° on the !st at Nisbet. 
Greatest local monthly range, 41°°7 at Selins Grove. 
Least local monthly range, 15° at Eagles Mere. 
Greatest daily range, 48° at Lewistown on 13th. 
Least daily range, 1° at Le Roy on 30th. 


From January 1, 1890 to May 31, 1890, the excess in temperature at Phila- 


delphia was 650°, and at Erie 383°. 
BAROMETER. 


The mean pressure for the month, 29°96, is about normal. At the U. S, 
‘ Signal Service Stations, the highest observed was 30°31 at Philadelphia on the 


22d and the lowest 29°60 at Harrisburg on the 5th. 
PRECIPITATION. 


The average precipitation, 6°71 inches, is an excess of three and one-half 
inches. Rains were of almost daily occuszence in some parts of the state. 
The 17th, 28th and 29th were the only days on which no rain was feported 
The largest monthly totals in inches were: Girardville, 12°41; Emporium, 
9°61; Eagles Mere, 8°97 ; Somerset, 8°90; Mauch Chunk, 811; Getysburg, 


810, and Uniontown, 8°03. The least was Phiiadelphia, 2°96. 
WIND AND WEATHER. 


The prevailing wind was ‘rom the west. Or the roth, about 5 P.M., a 


tornado passed over the southern part of Frauklin County, doing cons*” 


able damage. The weather during the month was excessi~~* . The 
ground was saturated and cold, and caused much“ —_.,_ plowing and 
seeding. Average number: Rainy days, 18°" ways, 7; fair days, 11 


cloudy days, 13. 
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Thunder-storms.—- US PHENOMENA. 
23d, 30th; Blue Kea ug, rath, i 4th, ; Charlesvilie, rst, 3d, 5th, 
Holliday sth, toth, rath, 13th. roth, 20th, 23d, 24th, 25th, 26th ; 


18th, t4th, roth, 23th, 25th, 30th; Tipton, roth, 13th, 14th, 
30th; Le Roy, 13 th, 14th; Forks of Neshaminy, 13th, 14th; 


Ist, 4th, 13th, rath, acth ; Johastown, :3th, 14th, ‘8th, 23d, 


-qth, 25th; Emporium, 3d, roth, 13th; Macch Chunk, 13th, 14th, tgth, 20th ; 
State College, sth, 13th, 14th, 18th, 23d, 30th ; Phillipsburg, 23d ; West Chester’ 
Ist, 13th, 14th ; Coatesville, 1st, 4th, 13th, 1gth, 2cth; Westtown, 13th, 16th, 
1gth; Rimersburg, roth, 18th, 23d, 24th, 25th; Clarion, 3d, 4th, gth, 24th, 
25th, 30th ; Lock Haven, sth, 13th, 14th, 25th; Catawissa, 14th, 19th; Mead- 
ville, 3d, 5th, roth, 13th, 13th, 22d, 23d, 24th, 25th, joth; irlisle, rst, 13th, 
fgth, 25th; Harrisburg, ig4th, :gth, 25th; Swarthmore, 2d, 1,ch, »4th, 16th ; 
Uniontown, toth, 13th, «8th, 23d, 24th, 30th ; Chambersburg, 1st, roth, 30th ; 
Huntingdon, 13th, :4th, 19th, 23d, 26th, 3oth; Petersburg, sth, 13th, 
23d; Lancaster, 1st, 14th, 14th, 19th, 25th; Myerstown, rst, 13th, 14th, rgth, 
2oth, 26th; Annville, ‘st, 13th, 14th, 18th, 19th, 20th, 23d, 25th, 26th ; Scran- 
ton, 14th, roth, 20th; Wilkes-Barre, 13th, 14th, 19th; Lewistown, rst, 13th, 
14th, 18th, 23d, 30th ; Philadelphiz, rst, 13th, 14th, 16th; Girardville, 4th, 
14th, 19th; Selins Grove, sth, 14th, 15th, 18th, 19th; Somerset, rth, 
15th, 24th, 26th, 27th ; Wellsboro, 5th, roth, 12th, 25th; Lewisburg, 6th, 13th, 
14th, 18th, roth ; Columbus, 3d, toth, 18th, 25th ; Dyberry, 13th, 14th, 19th ; 
Ligonier, 234; Scuth Eaton, 14th, 19th, 20th ; York, 13th, 23d. 

Hfaii.—Gettysburg, ‘st, 19th ; Charlesville, 25th ; Blue Knob, 30th ; Holli- 
Gaysburg, 13th; Tipton, 23d; Quakertown, 24th; Mauch Chunk, oth ; 
Coatesville, ist; Petersburg, 13th; Lewistown, 13th; Philadelphia, Ist; 
Somerset, 24th ; Lewisburg, 14th; York, 2d. 

Snow.—Blue Knob, 7th. 

¥rost.—Gettysburg, izth, 17th; Charlesville, 17th; Biue Knob, 2d, 7th, 
8th, 16th, :8th, 21st; Hollidaysburg, 2d; Tipton, 2d, 7th, 12th, 17th, 18th, 
28th; Le Roy, 2d, 8th, 12th, 18th, 21st; Quakertown, 2d, 7th, gth, 17th; 
Emporium, 2d, icth, 18th, State College, 2d, 18th; Phillipsburg, 2d; West 
Chester, gth ; Coatesville, uth ; Rimersburg, 2d, 8th, 18th, 21st; Grampian Hills, 
2d, 7th; Lock Haven, 71%, 12th; Catawissa, 2d, 7th, 12th ; Meadville, 2d, 7th, 
8th, 18th, 21st, z8th ; Carlisle, 7th, 2th, 17th ; Uniontown, 2d, 8th, 13th, 18th ; 
Huntingdon, 7th, 12th; Petersburg, 2d, 7th, 12th; Myerstown, 2d, 17th; 
Wilkes-Barre, 2d, 7th; Nisbet, rst, 7th, 12th, 17th, 18th, 28th ; Lewistown, 2d; 
Philadelphia, 9th ; Girardville, 2d, oth, 17th, 18th ; Selins Grove, 2d, 8th, 12th, 
28th ; Somerset, 13th, 18th, roth, 29th; Eagles Mere, 2d, 7th; Wellsburo, 
2d, 34, 7th, 8th, oth, 11th, 21st, 28th; Lewisburg, 7th, 12th; Columbus, 2d, 
7th, 8th, r2th, 18th ; Dyberry, 2d, 3d, 7th, oth 12th, 17th, 18th; Honesdale, 
2d, 3d, oth, 12th ; South Eaton, 2d, oth; York, 7th, oth. 

Sleet.-Welisboro, 20th. 

Corone.—Charlesville, 30; Annville, 29th; Lewistown, 2d, 24th; Dy- 
berry, 28th. 

Solar Halos.—Le Roy, 2d, 3d, 9th, 21st ; Meadville, 16th ; Eagles Mere, oth ; 
Wellsboro, 9th, 18th, 29th ; Dyberry, 3d, 8th, oth, 27th. 


Count 


Columbia, 
Crawford, 
Cumberland 
Dauphin,! 
Delaware, 


Erie! .. 
Fayette, . 
Forrest, . 
Franklin,! 


Huntingdon 
Indiana, . 


Lackawannz 
Lancaster, 
Lawrence, 
Lebanon, . 
Lebanon, . 


Lehigh, . 
Lehigh,} 
Luzerne, . . 


Luzerne) . 
Lycoming,) | 
ercer,! . , 


ifflin,. . . 
ontgomery 


Philadelphia 


Warren, . . 
Washingtor, 
ayne, 
ayne, . 
Westmorelar 
Westmorelar 
Wyoming, 


i 
Adams,! 
1] 
Blair, 
Blair, ee 
Blair, .. 
Bradford, 
Bradford, 
Bucks, . . 
Bucks, . . 
Bucks, . . 
Cambria,! 
Cameron, , 
Carbon,! 
Centre,. . 
Centre,. . 
Chester, . 
4 Chester, . 
Chester,! 
Chester, . 
q Clarion, . 
Clarion, . 
Clearfield, 
Clinton, 
Fulton, . . 
1 
chuylkill, . 
Snyder, 
Somerset, . 


County. 


Adams,!, . . 
Allegheny,! . 
Bedford, 


Columbia, 
Crawford, 
Cumberland, 
Dauphin,’ . 
Delaware, . 


Fayette, ... 
Forrest, ... 
Franklin,! .. 


Fulton,. ... 
yreene, 
Huntingdon,’ . 


Huntingdon, . 
Indiana, ... 


Lackawanna,' 
Lancaster, 

Lawrence, . . 
Lebanon,. . . 
Lebanon,. . . 


Lehigh, . . 
Lehigh? 
zerne, . . 


Luzerne}... . 
Lycoming,’. . . 


Mifflin,. . .. 
Montgomery, . 
Northampton, 


Philadelphia, 


Potter, ... 


Warren, ... 
Washingtor, . 
ayne, .. 
Westmoreland, 
Westmoreland, 
Wyoming,'. . 


STATION, 


Gettysburg, . 


Chasiesville, .....-. 
Altoona (29 days), ... 
Blue Knob, ...... 
Hollidaysburg, .... . 
Forks of Neshaminy, . . 
mporium,.......- 
Mauch Chunk, ..... 


State Celle 
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Agricultural Experiment Statios, . 


Philipsburg, . . . 


Kennett Square, 

State Normal Se) ol, . 

Grampian Hills, ..... 
Catawissa {27 days), ... 
Swarthmore— 

Swarthmore College, 
Chambersburg-— 

Wilson Femaie College... . 
McConnelisburg, ...-.... 

Huntingdon— 

The Normal Coiiege. . . . . . 
Indiana— 

State Normal School,. . 
New Castle... 
Myerstown, 
Aanville— 


Lebanon Valley College, 
Coopersburg,. .....- 
Lynnport, 


‘Drif 
Lrifton Hospital,. . . . 


Wilkes-Barre, 


Greenvilie— 

Thici College, ...... 
Bethiechem,..... cas 


New @locmfieid, . . . . 
Philadeiphia— 

Signal Office,. .... 
Coudersport, 
«6 
Selins Greve,...... 
Eagles Mere,...... 


Honesdale,....... 
| Ligouier,. ... ‘ 


Level (feet), 


Elevation above Sea 


Barometer Repucep 
to Ssa Levet. 


| 29°59 
| 
30"290 | 29°600 
30°260 | 
30°300 | 29611 
30°99 | 
| 30"209 | 29°625 | 

{ 
30°263 | 29/457 
| 
eee | ee 

| 
| | 


j 
| 
x | 

| 

30"290 | 29°630 

see 


39°273 | 29°585 
| 


| 


ot 


N 


DONO 


Om 
ave 


NCO 


2 
2 
2 
2 
2 

2, 3 
2 
9 

2 
9 
2 
2 
2 
9 

2, 3 
9 
I 
7 
2 
2 
2 
2 

1I, 12 

2,9 
2 
2 


Mean of 
Maximum. 


a of 


Me 
Minimure 


MonTHLY SUMMARY OF Ey Vous.” OBSERVERS OF PENNSYLVANIA STATHEE 
| | | | | | 
| = | 2 | | | 4 | 
847 | 29°95° | 62°0 86°0 37° | 7h 4 | §2°5 | 360 | | gto | 7 | 
| 1,300 57°4 82.0 | 28°o | | 1 42% | | | 12 7° 7 | 
one 1 ; | 14 35°0 5§2°2 | 36° | 2 | 23 551 
+ 947 | 84°0 | 13 | 460 | 250 | 6o | 2 | 
536 | 29°980 30°280 | 50°o 80"7 19 | 708 | 46°9 23°9 | | sao | 4 
Cambria,’ ....| | 29°@6 82° 33° | | | 473 | 23°2 % | | 26 
Cameron, . | 1030 | | 13, | 44°83 | 3 go | 14 . 
Cen ris | | i | | 
| | 76"0 29 27°0 | | 47° | 198 37°0 | ; 26 
el | 1,350 | | 13 25°0 | 69"x 447 | 24% | | 60 4 .. 
ester, 455 | 29°965 | 47288 | 29°596 35°0 73 | | 19°3 | 29°5 | tt. 
4. 0-6. 380 | | 33° |} 720 | 49'0 | 23°9 35°3 | 9 | i... 
Chester, ..... | 29°93 | | 70°6 51°5 19°! 30°5 9 | «1's 27 |... 
Clearfield, 2.450 80°o | 24, 30 | 478 | s9°7 335 | 12 | 
80'o 2% | | 230 | 380 | +12 | 6 2c 
| 78°5 30 «| 64°6 20° | 340 | 3 | go | | 
cee 480 | 83°0 | %, 13 34°0 72°9 48°38 | 24% | | 12 72 | 25 
36r | 79°0 13 Jo’o + 28% 300 | 17 | | 25 66 
eee | | | | | 
| 29°963 | 38's | | x58 | | 9 25 7° 
ee t | 29°930 | 25 34'0 | 62°0 | 3 6a | 6 is 
| 29°937 | 860 | 29 340 73°3 49°4 | 23°9 450 | 18 go 2 |... 
618 | 29°972 59°8 82°0 13, 14 | | | 259 | | 12 | | 26 
60"4 13, 30 34°0 2 | 48°90 | 22°0 36.0 | 17 | 2s 78° 
650 | | 33 3r0 2 | | 182 | | 12 go | 
wol... | 880 | 3t | jo | 2 | | | 222 | yo | 
| 24 | 8 | 675 | | | x60 | 1 Go} 2 69°8 
47% | 29°976 60°3 | 14 2 | 49% | | 33° 12 69 | > 
32 62°6 | 30 2 |} | 48% | | 2 19 
474, 59°8 | | Oo} 9 | | 474 | 37°0 9 | 4 79°" 
| 
| 83°0 13, 31 2 72°3 | 46°6 5 no abe 
Schuylkill, 1,009 | 2¢°559 587 2 47° 9 4 } #4 f 
1,327 | 29°923 30°365 | 29°405 | 80'o | 24 | 2 64°7 20°! 34°0 , ia 
ee ees | cere 2 65°5 | 433 22°2 420 2 4'0 20 | 670 
8000 | eee 76°C 4 | 645 | 18°3 37°70 9 70 26 
385 29°943 g0°:81 | 29°588 | 39°8 830 | 19 34°0 2 | 47°6 » 2 15 
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TEMPERATURE. Parerr 
Maxim ™. Mintmum. | Dairy Rance. 3 
& a é 
83°0 32°0 2 « 706 25°6 30 6 | 
x 30 37° 2 52°5 18°9 I 7 5°85 | 
82°0 13 2 7o"2 42°0 28'2 42°0 12 7° 7 79°9 5°65 
83°0 13 2 cee cee eee cee ‘70 | 
84°0 13 29"0 2 72°0 26°0 44°0 12 26 54°0 
14, 24 2 64°0 12 30 A eee 7°00 | 
80°7 19 310 9 | 46.9 | 23°99 | 37°70 3H 12°0 4 766 | sro | 655 | 
| | ‘3x0 | | | | | | “gre | “26° | ‘Borg | ‘sara | “690 
81°9 | 13, 29 2 8 25°2 | 3 see eee g 
79°° 1, 14 30°0 9 “4 39°e 9 7° 4 ee eee 
| 
29 27°0 | 2 66°8 47°° 19°8 37°0 a 2 | (746 48°7 6°77 
13 | 2 44°7 24°4 45'0 12 4 Tee ‘02 
I 2 7°°3 51°0 19°3 1 25 72°0 “42 
33°° | 9 72°9 49°0 23°9 9 to’o 4 eee ees 7°85 
I 360 | 9 70°6 30°5 9 27 % eee 5°90 
3° | 1 see eee cee eee eee see 
| 
24 | 79 | 65°97 “ 20°8 35°0 31 1r’o 49°5 7°20 
| 24, 30 *o 2 | 47 19°7 12 20 ees 6°87 
80°0 24 | 2 230 38°0 12 6:0 25 73 
78°5 30 po | 62 | ° 20°6 34°0 3 80"4 47°6 
83°0 13 34°0 | 1%, 72°9 “8 12 7° 25 S60 | $47 
79°0 13 jo"o 51°6 30°0 17 25 66°38 48'2 6°61 
19 385 | 29 158 | 9 | 25 ge §3°0 5°59 
79°0 25 34°0 2 62°0 45°0 1770 | 35°C | 6"40 
86°0 29 3470 | 2 73°3 49°4 23°9 45°0 1 go 20 see 
| 13, 14 | 72°0 | 12 10°0 26 53°4 
Boro | 13, 340 2 | 489 | 22°70 | 36% 17 25 736 | | 7°90 
13 2 53°3 | 42°0 12 40 26 6°36 
31 30°0 2 40°7 22°2 39°0 18 7° 25 | 6°95 
24 32°0 8 67°5 | 49° 18'2 36°0 2 | | 4°77 
| 14 34°0 2 | 49 669 "3 56°2 7°24 
8570 | 30 2 72°3 | 45 I 27°2 2 | 19 7°25 
6 | 9 47°4 24°2 37°0 9 | 99 4 679 | 
85‘0 31 29°0 9 72°2 45" 264 | | 25 | | 
6, 9 72°0 46'5 15°5 42°0 met 4 684 | 
83'0 13, 72°3 “66 Bro & 13. : | 26° 7 9 | 6°88 
370 | 2,9 | 73°t | | 20% | | | 4 yoo | | | 
84°0 19 39°0 2 53°4 | 187 | | 2° 
2 470 | 280 33°0 9 10'o ‘| 4 | 
24 3 70°8 39°! 31°7 2 | 8 73°2 43°83 | 
82°0 4 26°0 2 44°9 249 | 460 | 2 | 8 82°5 | 8 go 
26°0 2 | 43°7 2770 | 40 4 45°3 | 897 
24 26°0 2 | 64°7 | 44°6 20°! 3¢°0 2 40 64°7 
29 24°0 2 | 43°3 | 2 } | 67°0 42°5 9°15 
24 25'0 9 |} 42°0 23°4 | 40°° 9 26 5°56 
24 | 2,9 64" | 37°0 9 7o «(26 63°4 52°0 
° 13 30°0 2,9 | | 35°0 | 26 
19 2 | gas 476 24'5 | 12 12°0 15 52°9 6°65 | 
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Dew Point. 


CE For May, 1890. 


810 | 15 
5°85 | 20 
5°65 16 
| 
38 
sw | 
"yoo | . 
5°00 10 
6°55 
I 14 
16 
6°77 18 
7yo2 15 
6°42 18 
7°85 14 
6°89 ee 
14 
7°20 see 
6°87 19 
73° 17 
7°41 10 
17 
"47 16 
6°61 17 
5°59 13 
6"40 20 
17 
17 
16 
49° 14 
6°36 14 
6°95 16 
4°77 16 
704 | #12 
7°25 | 
6°79 13 
684 | 
620 | 
| 
688 | 16 
7°61 10 
2°96 16 
r2"4t | 6 
3°56 | 12 
14 
8°97 13 
7°80 20 
6°40 13 
20 
5°20 23 
5°56 | 
Gur | 12 
747 
6°65 
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peant Si 


P. Townsend. 


T. B. Lloyd. 
John J. Boyd. 


. Wm. F. Wickersham. 
Rev. W. W. Deatrick, A.M. 


Robert M. Gr > 
1. & B. H. Metcalf. 


. E, Pague, 
rank Ridgway, Sgt. Sig. Corps. 


Prof. Susan J. Cunningham. 
Peter Wood, Sgt. Sig. Corps. 
unt. 


Miss Mary A. Ricker. 
Thomas F. Sloan. 
Capt. W. C. Kimber. 


Prof. W. J. Swigart. 
J. E. Rooney. 


Prof.S C. Schmucker. 
A. Hinsdell. 

C, N, Heller. 

Wm. T. Butz. 

Wm. H. Kline. 


Geo. W. Bowman, A.M., Ph.D 


M. H. Boye. 
John C. Wuchter. 
H. D. Miller, M.D. 


A. W. Betterly. 
John S. Gibson, P. M. 


Prof. S. H. Miller. 
Culbertson & Lantz. 
Charles Moore, D.D.S. 
Lerch & Rice. 

Frank Mortimer. 


Luther M. , Sgt. Sig. Corps. 
Cc. L. Peck 


H. D. Deming. 
F. O. Whitman. 
Wm. Loveland. 
A. L. Runion, M.D. 
Theodore Day. 
Torrey. 
ilary S. Brunot. 
J. T. Ambrose. 
Benj. M. Hall. 
Mrs. L. H. Grenewald. 


al Corps, Assistant, 


| ? 3 | Prof. E. S. Breidenbaugh. 
| | 7 | | Oscar D. Stewart, Sgt. Sig. Corps. 
| 33 13 | Miss E. A. G. Apple 
9 | 34 Prof. A. Stewart. 
6 13 Prof. john A. Robb. 
‘2 | 1 12 
53°0 9 19 | 
1 
52°5 9 12 10 | 
6 | 13 | 
§0°0 | 7 | 1. 
45°3 | 6 13 E. S. Chase. 
2°9 | 15 8 | 
T. F, TOWNSEND, Ser]: 
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Lunar Halos.—Meadville, 29th; Huntingdon, 28th; Lancaster, 24th, 


31st; Lewistown, rst; Somerset, 27th; Dyberry, 5th. 
Parhetias—Le Roy, 8th, joth; Annville, 30th. 
Zodiacal Lights.—Charlesville, 27th ; Le Roy, 2d. 


Mirage.—Harrisburg, 11th. 


WEATHER FORECASTS, 


Percentage of local verifications of weather and temperature signals as 


ceported by displaymen for May, 1890: 
Weather, 83 per cent. 
Temperature, 89 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displaynan. 
U. S. Sigaal Office, . ° 
Wanamaker & Brown, . . 
Perusylvania Railroad Company, 
Continental Brewing Company, 
Samuel Simpson, 
‘Western Meat Company,. 
Neptune Laundry, . 
W. Burkhart, . 
A. N. Lindenmuth, . 
C. B. Whiehead, 
Capt. Geo. R. Guss, 
‘Thomas F. Sloan, 
J. H. Fulmer, . 
Capt. A. Goldsmith, 
Postmaster, .. . 
Frank Ross, . 
Lerch & Rice, 
John W. Aitken, . 
Signal Office, . 
J. R. Raynsford, . 
E. P. Wilbur & Co., 
Agricultural Experiment Station, . 
Signal Office,. . 
New Era,. . 
State Normal School, 
Clarion Collegiate Institute, . 
Thiel College, . .. 


D. G. Hurley, 
James H.Fones,. ..... 


Steward M. Dreher, . . 


Station. 
Philadelphia. 


Shoemakersville. 
Allentown. 
Bradford. 

West Chester. 
McConnellsburg. 
Muncy. 

New Castle. 
Quakertown. 
Meadville. 

Oil City. 
Bethlehem. 
Carbondale. 
Erie. 

Montro.'e. 

South Bethlehem. 
Stare CoNege., 
Pittsbu. gh. 
Lancaster. 
Clarion. 


Rimersburg. 


Greenville. 
Altoona. 
Butler. 
Tionesta. 
Stroudsburg. 
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Displayman. 
State Normal School, . 
E. C. Wagner, 
Hartford P. Brown, 
L. H. Grenewald, 
J. E. Pague, 
C. L, Peck, 
H. D. Miller, . 
M. Tannehill, 
S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 
A. M. Wildman, 
G. W. Klee, 
A. Simon's Sons, 
Rafisman's Journal, 
W. S. Ravenscroft, . 
R. C. Schmidt & Co., . 
Chas. B. Lutz, 
E, C. Lorentz, 
W. M. James, 
Miller & Allison, 
Dr. A. L. Runion, 
E, J. Sellers, . 
C. A. Hinsdell, . 
H. J. Fosnot, . 
H. M. Kaisinger, 
E, Jennet, 
Milton C. Cooper, . 
Geo. W. Bowman, . 
P. S. Weber, . 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., . 


Charles M. Mullen, 
E. W. Merrill, 

A. Simon’s Sons, 
Frank Ridgway, 
G. W. Yost, 

A. C. Tryon, . 


Station. 
Millersville. 
Girardville. 
Rochester. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg.. 
Lock Haven. 
Clearfield. 
Hyndman. 
Belle Vernon.. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney.. 
Canonsburg, 
Kutztown. 
Scranton. 
Lewistown. 
Hartsville. 
Franklin. 
Ashbourne. 
Annville. 
DuBois. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East, 
Lock Haven. 
Harrisburg, 
Collegeville. 


Spartansburg. 
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ISOTHERMAL LINES, 
58° SHOWING THE 


NORMAL TEMPERATURE OF PENNSYLVA 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW 
For JUNE, 1890. 


Prepared under the Direction of the Committee on Meteorology of the 
; FRANKLIN INSTITUTE. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, June 30, 1890. 
TEMPERATURE, 


The mean temperature of 58 stations for June, 1890, was 70°3, which is 
ahout 2° above the normal, and 3°8 above the corresponding month of 1889. 

The mean of the daily maximum and minimum temperatures 81°8 and 
58°-4 give an average daily range of 23°°4, and a morithly mean of 70° 1. 

Highest monthly mean, 73°°7 at Uniontown and Huntingdon. 

Lowest monthly mean, 64°°2 at Dyberry. 

Highest temperature recorded during the month, 97° on the sth, at 
Carlisle, and 30th, at Lynnport. 

Lowest temperature, 33° on the 14th at Charlesville. 

Greatest local monthly range, 31°°3 at Wilkes-Barre. 

Least local monthly range, 14°°0 at Erie. 

Greatest daily range, 47° at Lock Haven on 25th. 

Least daily range, 2° at Wellsboro on 2ist. 


From January 1, 1890 to June 30, 1890, the excess in temperature at Phila- 


delphia was 71°4, at Erie 42°1 and at Pittsburgh 68°'5. 
BAROMETER. 


The mean pressure for the month, 30°00, is about ‘03 above the normal. . 
At the U. S. Signal Service Stations, the highest observed was 30°38 at Pitts- » 


burgh on the gth, and the lowest 29°71 at Erie on the 12th. 
PRECIPITATION. 

The average rainfall 342 inches is a deficiency of nearly a half inch. 
Owing to local thunder-storms the fall was somewhat unevenly distributed, 
but the difference was not great when compared in large areas. 

The largest totals reported in inches were Forks of Neshaminy 5°74, 
Columbus 5°66, Mauch Chunk 5°25 and Wilkes-Barre 5°07. 

The smallest were Philadelphia 1°30 and Selins Grove 1°36. 

The heaviest general rains occurred on the 6th, 11th, 12th, 13th, 21st, 
22d and 23d. 


NotTe.—TZhis number of the Monthly Weather Review completes the 
serial maps of ‘' Isothermal Lines Showing the Normal Temperature of 
Pennsylvania" for each month of the year. They will not be reproduced 
in future numbers. The ‘‘Mean Temperature and Rainfall" maps, how- 
ever, will be continued as heretofore. 
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WIND AND WEATHER. 


The prevailing direction of wind was from the west. Thunder-storms 
were frequent and caused numerous losses to life and property. The 
weather was seasonable for growth, although the month was characterized by 
cool nights. A few light frosts occurred in the northern counties. 

Average number: Rainy days, 9; clear days, 12; fair days, 11 ; cloudy 
days, 7. 


MISCELLANEOUS PHENOMENA. 


Thunder-storms.—Gettysburg, 6th, 11th, 13th ; Charlesville, 4th, 5th, 18th, 
22d; Hollidaysburg, 3d, 5th, 6th, roth, 12th, 22d, 28th, 29th; Tipton, 3d, 
5th, 11th; Wysox, 4th, 5th, 6th, 11th; Le Roy, 4th, 6th, 11th, 12th, 13th, 
24th ; Forks of Neshaminy, 4th, 6th, 11th, 12th; Quakertown, 6th, 11th, 
12th, 13th; Johnstown, 6th, 11th, 12th, 13th, 17th, 22d, 23d; Emporium, 3d, 
5th, 6th, 11th, 12th, 22d, 28th; Mauch Chunk, sth, 6th, 11th, 23d; State Ccl- 
lege, 3d, 11th, 12th, 13th, 22d, 28th; Phillipsburg, 5th; West Chester, 6th, 
11th, 12th, 24th; Coatesville, 6th, 11th, 12th; Kennett Square, 6th, 
rith, 22d, 23d; Westtown, 4th, 11th, 12th, 13th, 23d; Lock Haven, 
3d, 6th, 11th, 12th, 22d, 23d, 28th, 29th; Catawissa, sth, 6th, 11th, 12th; 
Meadville, 4th, 5th, 6th, 11th, 17th, 22d; Carlisle, 6th, 11th, 12th, 13th, 
2tst, 24th; Harrisburg, 4th, 6th, 11th, 12th, 22d, 23d, 24th; Union- 
town, 5th, 6th, 11th, 13th, 15th, 17th, 29th; Huntingdon, 3d, 5th, roth, 11th, 
12th, 13th, 22d, 23d; Petersburg, 11th, 22d; Lancaster, 6th, 11th, 12th; 
Myerstown, 6th, 11th, 12th, 21st; Annville, 5th, 6th, 11th, 12th, 13th, 22d, 
24th ; Coopersburg, 6th, 11th, 12th; Lynnport, 6th, 12th ; Wilkes-Barre, 6th, 
11th, 12th; Nisbet, 6th, rith, 13th, 23d; Greenville, 5th, 11th; Lewistown, 
3d, 11th, 12th, 16th, 22d, 23d, 28th; Bethlehem, 4tu, 5th, 6th, 11th, 12th, 
13th, 23d; Philadelphia, 4th, 6th, 12th, 24th; Girardville, 5th, 6th, 12th, 13th, 
14th, 23d, 24th; Selins Grove, 4th, 5th, 6th, roth, 11th, 12th, 22d, 23d, 24th; 
Somerset, 6th, 12th, 14th, 15th, 21st; Eagles Mere, 4th, 6th, 11th, 12th, 24th; 
Wellsboro, 3d, sth, 6th, 11th, rath, 13th, 17th, 22d; Lewisburg, 11th, 12th, 
13th ; Columbus, 4th, 5th, 6th, 11th, 17th, 22d; Canonsburg, 12th; Dyberry, 
4th, sth, 6th, rith, 12th, 13th, 24th; Ligonier, 22d; South Eaton, 4th, 5th, 
6th, 11th, 12th, 13th, 24th; York, 6th, 11th, 12th, 13th, 22d, 23d, 24th. 

Hail.—Gettysburg, 11th ; Meadville, 11th; Lock Haven, 11th; Hunting- 
don, 22d; Lancaster, 11th; Greenville, 5th, 11th ; Girardville, 12th ; Somerset, 
3d; Eagles Mere, 4th ; Wellsboro, 17th; York, 11th. 

Frost.—Grampian Hills, 8th; Meadville, 8th; Somerset, 8th; Wellsboro, 
Ist, 2d, 8th, oth. 

Sleet.—Phillipsburg, 

Aurora.—Quakertown, 8th, 

Corone.—Greenville, 26th, 27th, 28th; Lewistown, 27th, 28th, 29th ; 
Somzrset, 22d; Eagles Mere, 26th, 30th; Dyberry, 2d, 23d, 27th. 

Solar Halos.—Le Roy, 8th, 9th, 20th, 23d ; Meadville, roth, 16th ; Dyberry, 

2d, 18th. 
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Clearfield, . 
Clinton, 
Columbia, . 
Crawford, . 
Cumberland, 
Dauphin,! . 
Delaware, . 


Franklin,” 


Fulton,. . . 
Greene, . 


Huntingdon, 


Huntingdon, 
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Lackawanna, 
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wrence, . 
Lebanon,. . 
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Luzerne, . . 
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Lycoming,! . 
Mercer! 
Mifflin,. . . 


Montgomery, 
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Perry, 
Philadelphia,! 


Potter, . .. 
Schoy'kill, . 
Sayder, 
Somerset, . 
Subivan, . . 
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Bucks, . . 
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Clearfield, . 
Clinton, 
Columbia, . 
Crawford, . 
Cumberland, 
Dauphin,! 
Delaware, . 
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Fayette, .. 
Forrest, .. 
Franklin,’ . 


Fulton,. . . 
Greene, .. 


Huntingdon,! . 


Huntingdon, . . 
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Lackawanna,! 
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Lawrence, . 
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Luzerne, . . 
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STaTion, 


| 
Pittsburgh, . . 

eading,. . . 
Altoona, . . 
Blue Knob, . 
Hollidaysburg, 
Tipton, . 
Wysox, 
Le Roy 


Forks Neshaminy, 
uuakertown, ... . 


ulmeville, 
ohnstown, 


| Mauch Chumk,-....... 
College— 


656.45. 6.5 


icu!tural Experiment Station, . 


Phi ipsburg (24 days), .... 
| Remmett Square, .... 
‘ 
Clarion— 


| Grampian Hills, ..... 


| Carlisle, 
Harrisburg, 


State Normal School,. ... . 


Catawissa, . . 
Meadville, 


Swarthmore— 


Swarthmore College, 


Uniontown, 
Tionesta,. . . 
Chambersburg— 


Wilson Female - 


McConnelisburg, . . 


Waynesburg, . . 


Huntingdon— 
The } 

Petersburg, . . 

Indiana— 


ormal College, ...... 


Scranton, 


Lancaster (17 days), 


we 


Myerstown, 
Annville— 


Lebanon Valley College,. . . .. 
Lynnport, .. . 


Drifton— 

Drifton Hospital,. ... . 
Greenville— 

Pottstown, .... 
New Bloomfield, ......... 
Philadelphia— 


Girardville, . 
Selirs Grove, . 
Somerset, 


Lewisburg, . 
Columbus, 


. 
. 


“anonsburg (29 days), 


Dyberry, .... 


Elevation above Sea 


Level (feet), 


Maxivum Minimum. Dairy Rance. = 
= | | @ = = = | & 
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| 940 5 42°0 | 848 | 570 | 278 | 43°0 9 
30°002 | 30°375 29° 777 73°5 | 24 47° |; | 63°5 | 20° 30°0 I 12 4 61°3 3°37 1 
india | gro 24 33°0 548 | 265 | 46'0 14 25 61°5 1°87 
see | | | 6 47°0 8,9 | 84 64°2 19°99 | 30° 8 7 56°0 2°52 13 
eee | | Jor go’o 5. 24 44°0 Oe 8 17 4°60 
cee | | 24 42°0 8 | 85:0 | 56% | 28° | 9 13°0 10 66°7 . 
30°04 | 30°379 | 29°796 | 5 40°5 t | 53°3 | 24°99 | 40° 3 9°5 8 6o'2 | 4°75 
eee coe | ewe | | 24 42°0 59°3 1779 | 30°0 9 21 eee 4°37 
3° 30°340 | 29°750 69°3 89°7 5 45°2 9 812 56°5 24°7 36°0 2 11'0 21 74 60°5 3°13 
30°03 | 30°404 29°813 | 69"9 88.05, 24 8 81°6 58'2 234 | 35° 27 12 8 631 2°72 
eee eee | | | gre 24 39°0 8 | 81'9 54°8 27% | 2 14°0 21 4°85 1 
eee 68° | 925 5 44°0 9 81°2 56°3 24°9 40°5 9 17 cee 5°25 
29°957 | 30°326 | a9°696 68°83 { 889 25, 26 43°0 8 "6 58's | 36°0 9 16 7 s9°6 2°34 
| | 24 37°0 8 1"4 54°6 26°8 46'0 2 7° 16 2°72 
29°996 | 30°353 | 29°752 79 | 5, 25 8 80'9 62°1 :8°8 27°0 16 2°42 
eee | | 25 et 83°2 56°8 42°0 30 16 eee 3°07 5 
| 30°348 29*783 25 9 80°6 19°! 30°5 9 21 ese 2°83 7 
goo, 5,24 | 8 19°8 36°0 9 6 cee 274 10 
owe 7°7 g2"0 5 42°0 8 56°3 26 6 47°° 25 40 12 
+ | goo 5 50°0 11 270 | 59°5 22°5 eee 2°72 10 
ve ees 72°2 5 44'5 8 60°! 26°2 39°0 2 10°0 19 8 
30°004 30"359 | 29°768 26 8 82°3 62°6 19°7 32°0 9 40 16 63 62°6 2°07 
29°976 30°370  29°710 68° 8 $0 3 12 423 9 
307030 29°427 gio 24 43°0 8 37 62°6 2 40 au eee "33 10 
| 70°2 gro 83°7 38's ‘pro 9 $0 77°4 “987 7 
ses — 73°7 5s | 30 8 84°3 63°1 42°5 27 9 4°18 8 
69°9 24 42°0 8 58°5 26"1 46°0 9 80 16 3°27 
73°4 38°0 8 83°3 55°5 27° 2 12°0 12 
79°972 | 30°292 -29°744 70°5 94°5 23 57°9 26°2 43°0 28 7 
coe | 7359 5 8 20°0 8 40 21 81 
5 50°0 1 80°6 20°5 34°0 7° 21 
ee 70°8 97°° 30 45°0 1, 8 84°5 27°5 40 7 
65°3 880 5 45°0 77°6 20°6 32°0 9 50 
29°942 30°356 29°667 67°8 30 43°0 9 24°9 9 67 
72°2 940 5 9 23,0 34°0 30 79 
731 34°0 30 50°0 1,2 82°0 216 I 17 ) 
30°y6> zy“Boo 73°4 g2°0 25 8 83°0 64°2 18°8 25°0 6 10°0 21 64 
29°968 30°292 20°749 6 1, 9 ‘Boro 9 $0 
6 24, 25 20 79°2 20° 34°0 7° 7 
30°04t 30"439 29°70 65"4 30 42°0 9 717 $7°1 14°6 32°0 9 22 77 
29°957. 29683 64°5 go"o 5 40°0 24°2 34°0 I 21 7 
30 45°0 8 853 26°8 yo 9 12°0 at 
30 340 8 79° 55°4 24°4 45°0 2 40 12 
30° 336 29078 70°°7 20 2% 42°0 8 58°8 25°3 34°0 18 12 79 
87"0 4 44°0 1, 2 771 | 53°3 218 35°0 at é 
67's 5 1 77°4 57°6 19°8 32°0 3 
29°966 30°297 | 20°745 940 5 46'0 1 82°6 58°5 2473 40°0 3 16 75°0 


| | 
County. 
Adams,)..... 
Bedford, .... « «| 1,300 
Bradford,. ... 718 
Bradford, .. . 1,400 
536 
ow I 120 
1,184 
Cameron,. ... 1,030 
Carbon, .... 550 
| 1,191 
Centre,. 1,350 
Chester, 455 
Chester, .... 3 
Chester). .... 275 
Chester, 350 
, Clarion, ..... 1,500 
1,530 
1,459 
eee 560 
618 
. 
650 
1,350 
was ‘ 932 
399 
20 
1,655 
1,000 
509 
‘ 150 
360 
400 
h 117 
1,670 
«| Baggies . 2,060 
Tioga, ...... Wellst 1,327 
1,410 
950 
1,100 
‘ 1,000 
1,175 
1,730 
660 
385 


ao 


2. Bee. 
wm, Ou won, 


w* 


ond’ 


an 


BORO MOO’ © 


. 
. 


2 
3 
3 


On 


= 


. 


NON wn’ 


PORTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE | 
TEMPERATURE. Pascrrrrariox.| 
uM, | Dairy Rance. | | 
| L | 2 = = 
: 42° | g 84°38 27°8 43°0 g’o 16 | to | 2 
24 47° | 83's 3°5 20°0 30°0 12 | 613 | 3°37 | 
24 54°8 26°5 | 25 «61's | 1°87 | 
6 | 470 | 8 9 | 84x | | 19°99 | 30°0 | So 7 53°9 | a'52 13 
Se 34 | | ese | ge 17 460 
24 | 8 | | 56"4 28°6 | 16 | 860 | (667 
s | 4s | Bore | | | | | os | at | | bor | 
i 5 45°2 | 81°2 56's 24°7 36°0 110 21 749 3°13 6 
| 40 | | | 35°0 | | 12 63°1 2°72 12 | 
«| | | | | 450 | | | 4°85 10 
| | | | 24°9 | | go |} 7 4 9 1. 
25, 26 43°0 | | 36°0 | | 16 73°99 | 59°6 | 2°34 
5. 25 80'9 | 183 | | 16 | 2°42 
25 | | 42°0 | | 36 | eee | 307 ; 
25 50°0 80°6 | | 30°5 | 6o | a | | 2°83 
24 8 81°5 | 198 | 36'0 | 2°74 10 I 
5 | 42°0 8 82°99 | 56°3 26 6 47°° 2 | 40 6 | wee cee | 3°6r 
5 | 44's 8 86°3 26°2 39°0 | 2 39 | $3°5 2°90 8 | 
26 8 | 823 626 19'7 32°0 | 9 | 40; | 633 626 | 2°97 270 
| | 
24 42°0 8 83°7 58's 9 4 So i 62°0 4°87 
5 39°0 8 63°1 ara | | 27 4°18 8 I 
24 42°0 8 | 58°s | 26% 40°09 | 9 
| 
| 24, 30 | 8 | 833 | sss | 278 | 45°0 2 12"0 12 | woe | BGS | I I 
23 47°° 579 | | 28 | 2 60°o 2°80 
5 50°0 | 80° | | 20°5 34°70 1 To | ose 3°14 
30 45°0 1, 8 84°5 57°0 | 27'S 44°0 1 | 7 see 1 
a 30 47°0 9 | Sst | g62 24°9 | 36'2 9 67 12 3°44 
5S 8 | 86% 54°6 43'5 I 9°5 66°6 63°6 3°76 
30 50°0 | 60% | 21°6 35°0 17 67°8 62°2 2 
f | 
25 55°0 8 | S30 | 64°2 18°8 25°0 | 10°0 64'0 | 58'0 1°30 6 | 
24, 25 | 45°0 20 | 79°2 | 584 208 | | 7 | 63°t | 4°93 
24, 30 | | | 146 | | go | | | 3°72 
| 40°o 8 80°4 | 56°2 24°2 72°0 | 58°0 54 12 
| 45°0 8 | 58°5 26°8 at | 2°80 6 
8 79° 55°4 24°4 4570 | | 964 5°66 13 
i 42°0 8 Sqr 58°8 25°3 34°0 12 79°7 | 64°7 1°82 9 
j 38°0 I 51°38 24°7 | 39°0 10°0 4°24 10 
| 44°0 2 7% | 53°3 218 go at | 10 
| 397°0 83°38 | 27°6 44°0 12 6 1 
44°70 I | 19°8 32°0 60 | 21 10 1 
t 82°6 58's 24'1 qo"o 16 75°0 61°: | 3°29 10 | 1 
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J. & B. H. Metcalf. 
E, Pague. 
| Frank Ridgway. Sgt. Sig. Corps. 


| Wm. T. Butz. 


| H. D. Miller, M.D. 

| John S. Gibson, P. M. 
| Prof. S. H. Miller. 


| Charles Moore, D.D.S. 


| Frank Mortimer. 


F. O. Whitman. 


ra J. Wilson. 
ies Beecher. 
T. Warburton. 


Wm. F. Wickersham, 
W. W. Deatrick, A.M. 


Prof. Robb. 
Robert Graham. 


Prof. Susan J. Cunningham. 

Peter Wood, Sgt. Sig. Corps. 
m. Hunt. 

R. L. Haslet. 


Miss Mary A. Ricker. 
. Sioan. 
Capt. W . C. Kimber, 


Prof. W. J. Swigart. 
J. E. 


Prof.S C. Schmucker. 
C. A. Hinsdell. 
C. N, Heller. 


Wm. H. Kline. 
Gon w. A.M., Ph.D. 


A. W_Betterly. 


Culbertson & Lantz. 
Lerch & Rice. 


Luther M. Dey, Sgt. Sig. Corps. 
L. 
.C Wagner. 
Boyer, 
. M. Schrock. 
E. S. Chase. 
H. D. Deming. 


Wm. Loveland. 
A. L. Runion, M.D. 
Theodore Day. 
io Torrey. 

ilary S. Brunot 


| 
J 
sw | Oscar D. Stewart, Sgt. Sig. Corps. 
Rw | SW | Mis, AG. Apple 
| 3 | ... | C. M, Dechant, C.E. 
eee fe | SE SE SE 
| 4a 6 | | SW Sw SW eRe 
5 | | Ww 
10 10 12 | NW | NW NW 
1 7 15 sw SW C. G D.D.S. 
9 | w | | 
9 8 | | Rev a 
ej cee . | C. M. Thomas, B.S. 
9 8 ‘S$ sw | sw | sw 
| | | | sw sw | sw 
7 | sw | sw i | 
8 17 sw | sw SW 
= 9 "3 | sw | SE 
| NW | NW | NW 
6 17 12 S| | 
| 13 | Nw | NW | Mrs. L. H. Grenewate. 
29 10 | 18 10 
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| 
re 
| 
= 
Zz 


3 


Lunar Halos.—State College, 26th ; Meadville, 29th ; Lock Haven, 27th, 
30th ; Greenville, 29th ; Girardville, 29th ; Somerset, 21st. 

Meteors.—Lewistown, 24th. 

Zodiacal Lights.—Charlesville, 13th, 14th. 


WEATHER FORECASTS. 
Percentage of local verifications of weather and temperature signals as 
reported by displaymen for June, 1890: 
Weather, 86 per cent. 
Temperature, 92 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. Station. 

Wanamaker & Brown, .. . a 
Pennsylvania Railroad Company, ° Ks 
Continental Brewing Company, 
Samuel Simpson, . 

B. T. Babbitt,. . . Kis 
Western Meat Company,. 
Neptune Laundry, . 

C. W. Burkhart, . Shoemakersville. 
A. N. Lindenmuth, . Allentown. 
C, B. Whitehead, Bradford. 
Capt. Geo. R. Guss, West Chester. 
Thomas F. Sloan, McConnellsburg. 
J. H. Fulmer, . Muncy. 

W. T. Butz, . New Castle, 
Capt. A, Goldsmith, ae” Quakertown. 
Postmaster, Meadville. 
Frank Ross, ai Seer Oil City. 
Lerch & Rice, Bethlehem. 
John W. Aitken, . Carbondale. 
Signal Office, . Erie. 

J. R. Raynsford, . . Montrose. 


E. P. Wilbur & Co., 
Agricultural Station, 


South Bethlehem. 
State College. 


Signal Office,. .... Pittsburgh. 
New Era, . Lancaster. 
State Normal School, at Clarion. 
Clarion Collegiate Institute,. . . Rimersburg. 
Thiel College, . .. Greenville. 
D. G. Hurley, “ere ° Altoona. 

J. E. Forsythe, Butler. 
James H. Fones, . Tionesta. 


Steward M. Dreher, 


Stroudsburg. 
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Displajman. 


State Normal School, . 
Hartford P. Brown, 

L. H. Grenewald, 

J. E. Pague, 

C. L. Peck, 

H. D. Miller, . 

M. Tannehill, . 

S. C. Burkholder, 
Robt. M. Graham, . 
Hénry F. Bitner, 

A. M. Wildman, 


W. Klee, 


A. Simon's Sons, 
Raftsman's Journai, 
W. S. Ravenscroft, . 
R. C. Schmidt & Co., . 
Chas. B. Lutz, 

E. C. Lorentz, 

W. M. Janes, 
Miller & Ai‘ison, 
Dr. A. L. Runion, 
E, J. Sellers, . 

C. A. Hinsdell, . 
H. J. Fosnot, . 

H. M. Kaisinger, 
E. Jennet, . 
Milton C. Cooper, . 
Geo. W. Bowman, . 
P. S. Weber, . 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., . 


Charles M. Mullen, 
E. W. Merrill, 

A. Simon's Sons, 
Frank Ridgway, 
G. W. Yost, 

A. C. Tryon, . 


Station. 
Millersville. 
Girardville. 
Rochester. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Hyndman. 
Belle Vernon. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Canonsburg. 
Kutztown. 
Scranton. 
Lewistown. 
Hartsville. 
Franklin. 
Ashbourne. 
Annville. 
DuBois. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North, East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
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NORMAL TEMPERATURE OF PENNSYLVAN 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW 

For JULY, 1890. 

Prepared under the Direction of the Committee on Meteorology of the 
FRANKLIN INSTITUTE. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, July 31, 1890 


TEMPERATURE, 


The mean temperature of 59 stations for July, r890, was 70° 8, which is 
ahout 1°5 below the normal, and 1° 4 below the corresponding month of 188o. 

The mean of the daily maximum and minimum temperatures 82°°3 and 
59°"! give an average daily range of 23°°2, and a monthiy mean of 707. 

Highest monthly mean, 75°1 at Rimersburg. 

Lowest monthly mean, 64°°8 at Dvberry. 

Highest temperature recorded during the month, 1or° on the 8th, at 
Carlisle and York. 

Lowest temperature, 33° on the 6th at Huntingdon. 

Greatest local monthly range, 33°°0 at Huntingdon. 

Least local monthly range, 14°°9 at Rimersburg. 

Greatest daily range, 56° at Huntingdon on 7th. 

Least daily range, 3° at Selins Grove on 2d, and Ligonier on oth. 

From January 1, 1890, to July 31, 1890, the excess in temperature at Phila- 
delphia was 666°, at Erie 382° and:at Pittsburgh 682°. 


BAROMETER, 


The mean pressure for the month, 30°03, is about ‘07 above the normal. 
At the U. S. Signal Service Stations, the highest observed was 30°31 at Erie 
on the 21st, and the lowest 29°716 at Philadelphia on the 3d. 


PRECIPITATION. 


The average rainfall 3°52 inches for the month, is a deficiency of over 
ahalfinch. The distribution was unequally divided, and in some sections 
growing crops suffered from drouth. 

The largest monthly totals in inches were Lynnport, 640; Girardville 
6°36 and West Chester, 6°27. 

The least were Phillipsburg, 0°74 and Erie, 0°76. 
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WIND AND WEATHER. 


The prevailing-direction of wind was from the west. The month was 
characterized by extremes of heat and cold. Several stations reported light 
frosts on the 21st. The weather was favorable for the harvesting of grass 
and grain, and unusually large crops of hay were secured. 

Average number: Rainy days, 8; clear days, 13; fair days, 11; cloudy 
days, 7. 

Correction.—From January 1, 1890, to June 30, 1890, the excess in tempera- 
ture at Philadelphia was 714°, at Erie 421° and at Pittsburgh 685°. 


MISCELLANEOUS PHENOMENA. 


Thunder-storms.--Blue Knob, Ist, 4th, 8th, 13th, 15th, 17th, 25th, 27th, 
2gth; Hollidaysburg, 4th, 15th, 17th, 26th; Wysox, Ist, 2d, 17th, 31st; Le 
Roy, 2d, 15th, 17th; Quakertown, 17th, 18th; Johnstown, 4th, 25th, 29th; 
Emporium, 8th, 15th, 17th, 25th, 29th; State College, 2d, gth, 15th, 
17th, 29th; Phillipsburg, 8th, 15th, 17th; West Chester, 3d, 4th, 15th, 
17th; Coatesville, 15th, 17th; Kennett Square, 4th, 15th, 17th; Rimers- 
burg, Ist, 2d, 25th, 29th; Lock Haven, 3d, 4th, goth, 17th, 24th, 27th, 
30th; Catawissa, 8th, 15th, 17th, 26th; Meadville, 1st, 2d, 4th, 8th, 17th, 
24th, 25th, 28th, 29th, 31st; Carlisle, 2d, 3d: Harrisburg, 3d, 17th; Swarth- 
more, 3d, 15th, 17th ; Erie, 8th, 24th, 25th, 28th, 31st; Uniontown, rst, 15th; 
Huntingdon, 2d, 16th, 17th, 27th; Petersburg, 15th, 17th; Indiana, 15th, 
25th; Myerstown, 15th, 17th, 28th; Annville, 3d, 15th, 17th; Coopersburg, 
17th; Drifton, 15th, 17th; Wilkes-Barre, 15th; Nisbet, 4th, gth, 15th, 16th, 
17th, 29th; Lewistown, 2d, 15th, 1;th; Pottstown, 17th; Philadelphia, 3d, 
4th, 13th, 17th; Girardville, 2d, 3d, gth, 17th; Selins Grove, 2d, 3d, 15th, 
i7th, 29th; Somerset, 15th, 25th; Eagles Mere, 8th, 15th, 17th; Wells- 
boro, 2d, 8th, 15th, 17th, 25th, 29th; Lewisburg, 2d, 3d, 15th, 17th; Colum- 
bus, 8th, 15th, 24th, 31st; Canonsburg, 4th, 15th; Dyberry, 3d, r5th, 17th, 
26th ; South Eaton, 3d, 8th, 15th, 17th; York, 2d, 3d, 15th, 16th, 18th, 26th. 

ffail.—Johnstown, 25th ; Catawissa, 17th ; Swarthmore, 17th; Uniontown, 
15th; Philadelphia, 17th; Girardville, 17th; Selins Grove, 8th, 15th. 

Frost.—Blue Knob, 6th, toth, 21st; Quakertown, 21st, 22d; Emporium, 
21st; Phillipsburg, 13th; Grampian Hills, 20th, 21st; Catawissa, 21st; 
Somerset, 6th, roth, 20th, 21st; Wellsboro, 1oth, 21st, 22d; Lewisburg, 21st ; 
Columbus, 21st; Dyberry, 2:st; Honesdale, 21st. 

Aurora.—Quakertown, 7th, gth, 18th. 

Corona.—Blue Knob, 29th; Annville, 27th. 

Solar Halos —Le Roy, 23d, 27th, 28th; Meadville, toth, 28th; Wilkes- 
Barre, 28th; Eagles Mere, 27th, 28th; Dyberry, 28th. 

Lunar Hailos.—Annville, 27th; Selins Grove, 1gth. 

Meteors. —Quakertown, 7th; Greenville, 19th ; Canonsburg, 21st. 

Parhelias.—Le Roy, 17th; Annville, 27th. 

Zodiacal Lights.—Charlesville, 4th, 5th, 7th, gth, toth. 


ayne, .. 

Westmoreland 
yoming,! 

York,! 


1 Observati: 


| 2 
Count 
Adams,}, . . 
Blair? . . 
| 
Bradford, 
Bradford, . 
Bucks, . . . 
Bucks, .. . 
Cambria, 
Cameron,. . 
Carbon, . . 
Centre,. .. 
| Centre,. . . 
| Chester, .. 
| Chester, . . 
Chester,! 
Chester, .. 
Clarion, .. 
Clarion, . . 
Clearfield, . 
Clinton, . . 
Columbia, . 
| Crawford, . 
Cumberland, 
Dauphin,’ . 
Delaware, . 
| Erie) ... 
| Fayette, . . 
| Forrest, . . 
Franklin! . 
Fulton,. . . 
Greene, .. 
Huntingdon,! 
Huntingdon 
Indiana, . 
Lackawanna,’ 
Lawrence, . 
| Lebanon,. . 
Lebanon, . . 
Lehigh, .. 
Lehigh,’ 
Luzerne, . . 
Luzerne). 
| Lycoming,! . 
| ontgomery, 
Northampton 
Philadelphia,! 
Schu 
Somerset, 
Union’! 
Warren, . . 
} Washington, | 
Wayne, 


MonTHLY SUMMARY 


Elevation above Sea 


County. STATion. 

Cameron,. .... rium (27 
Carbon) ..... 
Centre,. ... . .| State College— 
icultural 
ipsburg (24 ys), 
Chester, .....| WestC 
Chester)... . .| Kennett Square, . . 
Clarion— 

State Normal School,. ..... 
Clearfield, . . . .| Grampian Hills, ......... 

«| 
more 

Franklin) .... 

| ilson Female College,. . . . . 
Fulton,. . | McConnelisburg,.... 


Greene, .. 
Huntingdon,'. . 
Huntingdon, . . 


Indiama, ... 


Lackawanna,! 
La 


Lebanon, . 
Lebanon, . . 


Pot 
Sehuy 
Snyder, ... 
Somerset, .. 

Union), ... 


Westmoreiand, 
Wyomi 
York,} 


The (30 days), 


Petersburg,. .... 


New Castle, 
Myerstown, “eee 
Annville— 


Lewistown,. ..... 
Bethlehem,...... 
Philadelphia— 
ignal Office,. . 
° 
Girardville, ..... 
Selins 


| Somerset, . we 


Eagles Mere, . 
Wellsboro, . 
Lewisburg, . . . 


Canonsburg, 


Hon 
Ligonier, 
South 


| 
2 
. 
. 


Barometer Repucep 
To Sea Lever. 


733 
30°24 | 30°290 | 29°732 
7°°9 
eee eee 741 
7o"o 
eae 713 
eee 72°6 
| 32°344 | 29°776 | 
eee eee cee 69°9 

72°0 


eee gut 
eee “ee 75 
29°950 | 30°280 | 29 660 | 67°8 


30°042 | 30°295 29°725 | 73'0 


30°033 30240 | 29°732 72°4 


cee 
ee eee 
eee cee 
a M8 7°°7 
30°077 | 30°3tr -29°828 7°°3 


eee cee 7°°4 
“2 

29999 | 30°258 | 
oe | oe | oe | 74°38 
go°0s6 30°287 | 29°76 | 746 
goror8 | 30°232 | 29°722 | 

30°062 30°268 29°768 | 
29°992  30°346 29°636 
| 30°250  29°748 70°7 
73°4 
29°973 30°25 | 29°736 | 72°7 


oF Reports BY VOLUNTARY OBSERVERS OF THE PENNSYL\\\\, STATE WEATHER 


Mean of 
Maximum. 

Mean of 
Minimum, 


Minimum. 
8 410 | 21, 
8 53°0 10 
8 40°0 
8 
15 10 
8 42,0 | 21, 
8 38°0 | 
8 460 | ar 
| “ao | 
8 | 
7, 8 380 | 
e 470 | 22 
20 
45°0 23 
‘sos | 
| 
8 42°0 21 
| 8 22 
47°0 21 
8 43°0 20 
8 50°0 2 
| 8 50°0 22 
| & 50°0 
8 Bo 10 
54°0 20 
37°0 6 
46"0 
. 
440 
620 | 2 | 
43°0 
45°0 
42°0 
38°0 ax 
460 | 22 
510 a2 
8 54'0 
| ‘we | 
8 520 au 
15 = 20, 
8 45° 10 
8 35°0 21 
8 44°0 21 
8 30°0 2 
9 
8 35°0 21 
8 40"0 au 
8 40"0 ar 
8 
8 43°0 at 


! Observations taken at 8 A. M. and 8 P, M, 


2 Observations taken at 12 Noon. 


Dairy Rance 


Date. 
Least 


470 22 
3ro 6 ee) 
10°5 
18 
44°0 12 14°0 
‘37°0 | 

7 5" 

6 

<2 
33°0 
23 
8 
35°° 83 7° 
9 so 
49°0 5 50 
33°0 
38°5 6 
15 5° 
26°7 22 
26°0 17 6°0 
5 10'0 
39°0 12 12°0 
29°0 12 
7 10°0 
44°0 12 
40°5 16°0 
38°0 
30"0 
go 
33°0 22 10°0 
39°0 22 170 
42°0 7 
32°0 7 5° 
26°0 17 
26'0 22 
6 12°0 
27°0 40 
33°0 40 
440 
40 15 
42°0 30 80 
32°0 7 5° 
42°0 i zo 
9 6’o 
365 


Relative Humidity. 


Total Inches 


Dew Point. 


| 


— 
| 2 = a | & | = a 
| 
100°0 865 | | 27°0 24 
| g4’o | 63°9 | 3 62°3 59°0 
| 843 | 63°99 | : | 3°2 
| 86.0 | s6'0 | we | ‘ oro 
} 779 | 614 16°5 | | ees] 
13% 
| 30°040 | 29°720 | 9°7 82s | 57°5 24°6 13 774 62"2 5°50 
| gorogB | | 29°677) | | 73 
eee con 74°4 94°0 85"4 56% | 29°3 | 487 
| | 
| ag'g8t | 30°300 | 29°637 | 587 | | 24 | 2°44 
| | go'272 | 29°685 | | | | 13 | 
ene see | wae 84°2 63°5 | 20°7 eee 
| | 94'0 84°7 | 698 | | 24 | 
97°0 83°2 26°2 eae 2°85 
| g6'o 61°0 21°0 24 eee 
82°2 | I9'0 13 | 2°to 
82°0 62"4 19°6 13 75° 64°0 3°67 
| 78°0 630 | ) | 0°76 
| 940 83°7 62:2 18 eee eee | SOS 
| 
| 82°3 65°3 2 | oes | 2°90 | 
State Normal School,. ..... 1,350 94°0 83°7 56"1 27°6 12 | gos 61°3 | (2°05 
wifton Hospital,. ......./ 13 "0 *s | ‘ . 
98 32 | 570 | 262 24 | 
ercer,! Greenville— | 3 
Thiel College, .........! 1,000 | 55° 26° 
500 | | 858 | Ger | 24°97 13 | 
ontgomery,. . . | gg’o | | | | 63'0 5°45 
ean 97°0 83°4 65°7 17°7 13 68°4 | 61°2 | 4°03 
2 72°9 53°3 14°6 24 | (61's 
ee ee 1,327 77% 56°3 20°8 24 656 | 2°65 
45° 100°0 85°3 | Goro 25°3 24 37 
farren, .. +. « 1,410 g2"c 80°3 | ) 650 | 55°2 
95° 9-0 83°5 55°5 a4 799 | 3°93 | 
Wayne, 1,100 go’o 76°6 §2°0 24°6 13 4°45 4 
1,000 89°0 766 56°5 a “si iso 
1,750 940 | 570 280 9 pe | go «7 
660 | g2"0 78°3 "5 19°8 2 
eel 385 | | 1010 85°2 60°2 2570 5 74°6 | 63°2 "77 
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WEATHER FORECASTS. 


Percentage of local verifications of weather and temperature signals as 
reported by displaymen for July, 1890: 


Weather, 86 per cent. 
Temperature, gi per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. Station. 
Philadelphia. 
Wanamaker & Brown, . ....... 
Pennsylvania Railroad Company, .. . 
Continental Brewing Company, . .... . 


B. T. Babbitt, . 


Western Meat Company,. 


Neptune Laundry, . 


C. W. Burkhart, Shoemakersville. 
A. N. Lindenmuth, . Allentown. 
C. B. Whitehead, Bradford. 


Capt. Geo. R. Guss, 


West Chester. 


Thomas F. Sloan, McConnellsburg. 
J. H. Fulmer, . Muncy. 
W. T. Butz, : New Castle. 

. Capt. A. Goldsmith, Quakertown, 
Postmaster, .. . Meadville. 
Frank Ross, Oil City. 
Lerch & Rice, Bethlehem. 
John W. Aitken, . Carbondale. 
Signal Office, . Erie. 

I R. Raynsford, . Montrose. 
E. P. Wilbur & Co., South Bethlehem. 
Agricultural Experiment Station, . State College. 
Signal Office,. . Pittsburgh. 
New Fra, . Lancaster. 
Thiel College, Greenville. 
D. G. Hurley, Altoona. 
]. E. Forsythe, Butler. 
Steward M. Dreher, . Stroudsburg. 
State Normal School, . . Millersville. 
E. C. Wagner, . ‘ Girardville. 
L. H. Grenewald, York. 
J. E. Pague, . Carlisle. 
C. L. Peck, Coudersport. 
H. D. Miller, . Drifton. 
M. Tannehill, Confluence. 
S. C. Burkholder, Pollock. 
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Displayman. 
Robt. M. Graham, . 
Henry F. Bitner, 
A. M. Wildman, 
A. Simon's Sons, 
Raftsman's Journal, 


R. C. Schmidt & Co., . 


Chas. B. Lutz, 

E. C. Lorentz, 
W. M. James, 
Miller & Allison, 
Dr. A. L. Runion, 
E. J. Sellers, . 

C. A. Hinsdell, . 
H. M. Kaisinger, 
E. Jennet, . 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., . 


Charles M. Mullen, 
E. W. Merrill, 

A. Simon's Sons, 
Frank Ridgway, 
G. W. Yost, 

A. C. Tryon, . 


Station. 


Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Canonsburg. 
Kutztown. 
Scranton. 
Hartsville. 
Franklin. 
Milford. 


Wilmington, Del. 


Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW 
For AUGUST, 18go. 


Prepared under the Direction of the Committee on Meteorology of the 
FRANKLIN INSTITUTE. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, August 31, 1890. 


TEMPERATURE, 


The mean temperature of 58 stations for August, 1890, was 68°4, which is 
ahout 2°0 below the normal, and 1°1 above the corresponding month of 1889. 

The mean of the daily maximum and minimum temperatures 79°°2 and 
58°5 give an average daily range of 20°°7, and a monthly mean of 68°8. 

Highest monthly mean, 73°°6 at Philadelphia. 

Lowest monthly mean, 60°°1 at Wellsboro. 

Highest temperature recorded during the month, 98° on the 3d at 
New Castle, and on the 6th at Gettysburg. 

Lowest temperature, 34° on the 24th at Somerset. 

Greatest local monthly range, 29°°5 at Huntingdon. 

Least local monthly range, 13°0 at Erie. 

Greatest daily range, 47° at New Castle on the 16th. 

Least daily range, 2°°o at Grampian Hills on the 21st. 

From January 1, 1890, to August 31, 1890, the excess in temperature at 
Philadelphia was 670°, at Erie 276° and at Pittsburgh 659°. 

The warmest period of the month was from the 1st to the 4th, inclusive, 
and on the 17th, 18th and roth. The coldest was on the 24th and 31st. 

Light frosts were reported in several of the elevated districts on the 24th. 


BAROMETER. 
The mean pressure for the month, 30°03, is about os above the normal. 
At the U. S. Signal Service Stations, the highest observed was 30°28 at Pitts- 
burgh on the 24th, and the lowest 29°680 at Philadelphia on the 27th. 


PRECIPITATION. 

The average rainfall 5°76 inches for the month, is an excess of over 
1'so inches. The distribution was unevenly divided. 

The largest mor‘thly totals in inches were Carlisle, 9°65 ; Ligon‘er, 9°37; 

Gettysburg, 8°95 ; Mauch Chunk, 8°59; Uniontown, 8°44. 
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The smallest were Charlesville, 2°58; Philadelphia, 3°36; New Castle, 
3°69; Pottstown, 3°80; Lock Haven, 3°83; Hoilidaysburg, 3°87, and Mead- 
ville, 3°94. 

Rains were of almost daily occurrence in some parts of the State. The 
heaviest occurred on the 8th, 18th, 19th, 2oth, 21st, 22d, 26th and 27th. 

On the 8th, Gettysburg reports a fall of 4°98 inches, and Carlisle, 3°04 
inches. 

WIND AND WEATHER. 


The prevailing wind was from the west. 

Local storms of great severity were numerous and destructive to life and 
property. The most notable occurred on the 19th, when at about 5°12 P. M. 
a terrific tornado from the Southwest passed over Wiikes-Barre. Sixteen 
persons were killed, and the damage to property is estimated at one million 
of dollars. 

Average number: Rainy days, 12; clear days, 9; fair days, 14; cloudy 
days, 8. 

MISCELLANEOUS PHENOMENA. 

Thunder-storms.—Gettysburg, 5th, 19th, 29th; Charlesville, 5th, 21st; 
Blue Knob, Ist, 3d, 5th, oth, 17th, 19th, 21st, 22d, 29th; Hollidaysburg, 29th ; 
Le Roy, 5th, gth, 17th, 19th; Forks of Neshaminy, Ist, 5th, 21st; Quaker- 
town, Sth, roth, 14th, 17th, 19th, 21st, 26th, 29th; Johnstown, Ist, 5th, 17th, 
igth, 21st, 22d, 29th; Emporium, tst, 5th, oth, 17th, rgth, 21st, 29th; State 
College, ist, 5th, 19th, 29th; Phillipsburg, 19th; West Chester, 1st, 6th, 18th, 
Igth, 21st, 29th; Coatesville, 1st, 8th, roth, 14th, 18th; Kennett Square, Ist, 
14th, 18th, 1gth, 20th, 21st, 29th; Rimersburg, 5th, oth, 17th, 29th; Grainpian 
Hills, 12th; Lock Haven, Ist, 5th, oth, 18th, 20th, 23d, 26th, 29th ; Catawissa, 
5th, roth, 17th, 19th, 21st, 22d, 29th; Meadville, 1st, 3d, 4th, 5th, 17th, roth, 
21st, 22d; Carlisle, rst, 5th, 21st, 29th; Harrisburg, 5th, 14th, 29th; Swarth- 
* more, Ist, 5th, 1oth, 18th, 19th, 21st, 22d, 30th; Erie, 4th, 21st, 29th; 
McConnellsburg, 1st ; Waynesburg, 5th, 7th, 17th, 18th, 19th, 20th, 21st, 22d, 
26th ; Huntingdon, Ist, 5th, 21st, 22d, 29th; Petersburg, 5th, 22d; Myers- 
town, 14th, 17th, tgth, 21st, 22d, 29th; Coopersburg, Ist, 5th, 1oth, 13th, 
14th, 17th, 19th, 21st, 26th, 29th; Drifton, 5th, 10th; Wilkes-Barre, 17th, 18th, 
Igth, 26th; Nisbet, 1st, 5th, 8th, 17th, Igth, 21st, 23d, 26th, 29th; Greenville, 
22d; Pottstown, Ist, roth, 21st, 29th; Bethlehem, 2d, 5th, 6th, roth, 13th, 
17th, I9th, 21st, 29th; Philadelphia, 1st, 19th, 21st, 22d; Girardville, 5th, 
21st, 29th; Selins Grove, 4th, gth, 14th, :7th, 19th, 21st, 22d, zsth; Somerset, 
16th, 17th, 21st, 22d; Eagles Mere, 3d, oth, 29th; Wellsboro, Ist, 3d, 5th, 
gth, 17th, 1oth, 21st, 29th; Lewisburg, st, 5th, oth, 17th, roth, 21st, 22d; 
Columbus, Ist, 4th, 5th, gth, 17th; Canonsburg, 22d, 29th; Dyberry, 1st, 
6th, 1oth, 17th, roth, 22d, 26th; Ligonier, Ist, 5th, igh, 29th; South 
Eaton, 2d, 5th, gth, roth, 14th, 17th, roth, 21st, 22d, 26th, 29th; York, Ist, 
6th, 8th, 14th, 18th, roth, 21st, 22d, 25th, 26th, 30th ; Phoenixville, roth, 13th, 
17th, 19th, 21st, 23d, 26th, 29th, 30th. 

Hfail.—Charlesville, 1st; Forks of Neshaminy, Ist, 5th; Huntingdon, 1st, 
2d; Petersburg, 22d; Philadelphia, 1st, Lewisbu-g, 1st; Canonsburg, 29th. 
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County. 
Adams,}, 
Al 

Bradford, 
Bradford, .... 
Cambria,’ .... 
vameron,. .... 
hester, . 
ester, ..... 
*hester,! 
Chester 
‘jarion, 
‘larion, “ee 
learfield, .... 
Solumbia, .... 
Sumberland, . . . 
Dauphin) .... 

aware, .... 
ayette, 
ranklin,! 
untingdon,!. . . 
untingdon, . . . 
ndiana, . 
ckawanna,' .. 
wrence, .... 
ycoming,’. ... 
. . « 
‘ashington, . . . 
yoming,’.... 
ork,! 
! Observations 


Montuty Summary OF Reports sy VOLUNTARY OBSERVERS OF THE PENNSYLVANIA 
Barometer Repucep TeMPERATURE. 
To Sea Levet. 
Minimum. 
County. Station, 
3 
= fs} = = = 
legheny,! Pittsburgh, . ee 30°050 | 30°280 | 29°700 45°0 24 80°0 
‘dford, . . «| Charlesville Go days), 67°4 37°0 24 5s" 
30°043 | 30°272 | 29°725 | | 42°0 24 
adford, - -| LeR see 67°5 45°° 24 74°9 59°9 
. 30°030 | 30°240 29°640 68°5 43°0 24 79°9 58°5 
umbria,! © 30°071 | 30°284 | 29°775 24 2's 59°2 
rbon,! . 68"4 46°0 | 24. 25] 79°5 57°4 
mtre,. . State College— 
icultural Experiment Station, . 26°997 | 30°234 | 29°710 | 66°6 44°0 24 76'9 $7°9 
vester, . | 30°215 | 29°655 7o"o 46.0 | 2% 63°3 
vester, . «| Pheenixville, (a7 days). 30°028 | 30°260 | 29°660 | 70's | 80°3 62°6 
State Normal School,. . . . . . preg ere 
inton, . «| Lock Haven, (30 days),...... 4r0 | 58" 
auphin,} .| Harrisburg, .... 30°046 | 30°270 | 29°756 50°0 24 79°3 63°1 
claware, . .| Swarthmore— | 
; | _ Swarthmore College (27 days), . 30°026 | 30°232 | 29°743 50°0 31 81°3 64°6 
30°030 | 30°240 | 29°730 24 370 60°0 
yette, .. 3o"028 | 30°184 | 29°735 43°0 24, 31 4 61°6 
anklin,! Chambersburg— | 
Itom,. . . McConnelisburg, ........./ 24 81"4 
eene, .. wi bo ass es 31 77 | 
antingdon,! . Huntingdon— | 
The Normal College, .. . 834 | 53" 
untingdon, . oes 46"0 24 82°7 | 60" 
diana, ... Indiana— | 
State Normal School,. . . ‘ oe | 
wrence, ... New Castle, 9 | cee 30 | 54°0 
banon, Myerstown, | 29°998 | 30°166 | 29°749 | | 59°5 
zerne, Drifton— | 
Drifton Hospital,. ......./! es | 2% 75°5 
zerne,! Wilkes-Barre, .. 24 80.5 | 57°5 
ercer,! Greenville— 

| Thiel College, 29°964  30°200 | 29°636 4 370 | 3 53°09 
wthampton, .. | Bethlehem,...... 4 | 23 80'1 62°3 
iladelphia,! . .| Philadelphia— 

| 30"°046 30°260 | 29°680 24 81°3 66°0 
merset 3 34°0 24 779 53° 
llivan, . Eagles Mere, . 30°070 | 829 4 24 7°°7 57°0 

ous 4 47°0 24 59°5 
ashington, . . Canonsburg, 30°040 30°288 36 39°0 24 78°5 
rk), 29°968 30°r7t | 29°797 1, 17 24 82°6 60°5 


| Observations taken at 8 A. M. and 8 P. M, 
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Date. 


Number of Days 


Total Inches. 
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| Precirita 
g 
| 
| 
| 
18 | 895 1 
14 68°2 | 406 
14 728 | 2°58 
18 55°5 4°09 10 
18 n° | 62°0 9 
23 | | 13 
23 eee 5°78 13 
2 82°0 62°8 5°84 14 on 
18 86°2 ; 13 
I eee | 7°76 
8 | 57.4 | 5°46 
8 | 4°94 14 
22 ess | 8°44 13 
77°8 56°8 3°94 7 
18 | 66° 14 
18 m6 | 60% 5°70 15 
30 73° | 58'0 4°64 
18 773 | 6"60 
6 | | CM 
14 | see | 438 12 
3 6°72 14 
see | 6"50 es 
23 See 12 
26 87°4 53°4 13 
10 85°3 15 
8 82.0 | 6s'0 13 
28 82.0 | 7 
| 
23 7'o | | ij 
26 8 14 
80°3 63°6 13 
18 862 | 
19 | 13 
3 56°8 
30 “sel eee 1 
5 | 53°0 
23 ¢ 14 
23 648 573 
10 62°0 1 
8 79°4 63°7 | | 
by 
Observations taken at 12 Noon. 
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Lewisburg, 24th. 
Sleet —Wellsboro, 17th. 
Corona.—Charlesville, 1st. 


Solar Halos—Le Roy, 6th; Meadville, 16th, 17th, 18th; Eagles Mere, 


16th; Phoenixville, 28th. 


Lunar Halos.—West Chester, 28th ; Carlisle, 30th ; Conpensbuag, 28th; 


Girardville, 28th; York, 28th; Phoenixville, 28th. 


Meteors—Blue Knob, 10th, 15th, 27th; Rimersburg, 1oth; Meadville, 


6th; Eagles Mere, 6th; Phoenixville, gth, roth, 16th. 
Lunar Rainbow. —Greenville, 29th. 


WEATHER FORECASTS. 


reported by displaymen for August, i890: 
Weather, 82 per cent. 


Displayman. 
U.S. Signal Office,. . ... . 

Wanamaker & Brown, 

Pennsylvania Railroad Company, 

Continental Brewing Company, 

Samuel Simpson, . 

B. T. Baubitt, . 
Western Meat Company,. . .... . 
Neptune Laundry, . 

A. N. Lindenmuth, . 

<. B. Whitehead, . 

‘Thomas F. Sloan, 


E. P. Wilbur & Co., . .. 


Agricultural Experiment Station, . 


Temperature, 85 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Frost.—Blue Knob, 24th; Catawissa, 24th; Waynesburg, 24th, 31st; 
Girardville, 24th, 28th; Somerset, 12th, 24th; Wellsboro, 13th, 16th, 24th ; 


Percentage of local verifications of weather and temperature signals as 


Station. 
Philadelphia. 


Shoemakersville. 
Allentown. 
Bradford. 
McConnellsburg. 
Muncy. 

New Castle. 
Quakertown. 
Meadville. 

Oil City. 
Bethlehem. 

Erie. 

Montrose. 

South Bethlehem. 
State College. 
Pittsburgh. 
Lancaster. 
Altoona. 
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Dispiayman, 
J. E. Forsythe, . . . 
Steward M. Dreher, . 
State Normal School, . 
E.C. Wagner, . .. 
L. H. Grenewald, 
J. E. Pague, 
C. L. Peck, 
H. D. Miller, . 
M. Tannehill, . 
S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 
A. M. Wildman, 
G. W. Klee, 
A. Simon's Sons, . 
Raftsman's Journal, 
R. C. Schmidt & Co., . 
Chas. B. Lutz, 
E, C. Lorentz, 
W. M. James, 
Miller & Allison, 
Dr. A. L. Runion, . 
E, J. Sellers, . 
C. A. Hinsdell, . 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., . 


Charles M. Mullen, 
E. W. Merrill, 

A. Simon's Sons, 
Frank Ridgway, 
G. W. Yost, 

A. C. Tryon, . 

A. H. Gerbench, 
Knowles Croskey, . 


Station. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 


York. 


Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Canonsburg. 
Kutztown. 
Scranton. 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
Annville. 
Phoenixville. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW 
For SEPTEMBER, 1890. 


Prepared under the Direction of the Committee on Meteorology of the 
FRANKLIN INSTITUTE. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 30, 1890. 
TEMPERATURE, 


The mean temperature of 57 stations for September, 1890, was 62°'0, which 
is about 1%o above the normal, and o*! above the corresponding month of 
1889. 

The mean of the daily maximum and minimum temperatures 72°-4 and 
52°1 give an average daily range of 20°°3, and a monthly mean of 62°2. 

Highest monthly mean, 67°°2 at Philadelphia. 

Lowest monthly mean, 56°°4 at Wellsboro, Dyberry, and Waynesburg. 

Highest temperature recorded du.ing the month, 91° on the 5th at 
Coatesville and Carlisle, and on the 7th at McConnellsburg. 

Lowest temperature, 25° on the 25th at Dyberry. 

Greatest local monthly range, 26°-4 at Phillipsburg, 

Least iocal monthly range, 14°°0 at Erie. 

Greatest daily range, 49°°0 at Huntingdon on the 2oth. 

Least daily range, 1°°o at Drifton on the rith, Selins Grove 14th, and 
Columbus 27th. 

From January 1, 1890, to September 30, 1890, the excess in temperature 
at Philadelphia was 681°, at Erie 183° and at Pittsburgh 652°. 

The warmest period of the month was from the 2d to the 8th, inclusive. 
The coldest was from the 25th to the end of the month. 

Frosts were quite general on the 25th, 28th, 29th, and 30th, 

BAROMETER. 


The mean pressure for the month, 30°135, is about ‘os above the normal. 
At the U. S. Signal Service Stations, the highest observed was 30°39 at Pitts- 
burgh and Erie on the 28th, and the lowest 29°80 at Erie on the 13th. 
PRECIPITATION. 
The average rainfall 4°57 inches for the month, is an excess of one inch. 
The largest monthly totals in inches were Ligonier, 8-54; Indiana, 8-10; 
Somerset, 7°84; Emporium, 7°91; New Castle, 7°48; and Columbus, 7°10. 
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The least were South Eaton, 2°05 ; State College, 2°29; Philadelphia, 2°31 ; 
Petersburg, 2°35; Wilkes-Barre, 2°42; Swarthmore, 2°62; McConnellsburg, 
2°62 and Harrisburg, 2°89. 

General rains occurred from the 11th to the 15th inclusive, and on the 
26th and 27th. Excessive rains were reported from Wellsboro on the oth and 


roth; Myerstown and Meadville on the 11th and 12th, and at York on the 
12th and 13th. 


Note.—An actual fall of 2°50 inches in any period of 24 hours, or one 
inch in one hour, is excessive precipitation. 


WIND AND WEATHER.‘ 


The prevailing wird was from the northwest. The weather was generally 
favorable for the harvesting and curing of late crops, and for fall seeding. 
Average number: Rainy days, 11; clear days, 10; fair days, 9; cloudy 
days, IF. 
MISCELLANEOUS PHENOMENA. 


Thunder-storms,—Charlesville, 5th ; Blue Knob, sth, 7th, 8th, 9th, roth, 11th, 
12th, 16th; Hollidaysburg, 8th, 16th, 24th; Tipton, 4th, 8th, 16th; Le Roy, 
16th ; Quakertown, 5th, 12th, 13th, 16th; Johnstown, 8th, gth, 16th; Empo- 
rium, 5th, 12th, 16th; Mauch Chunk, 7th; State College, 16th; West 
Chester, 5th, 12th; Coatesville, 5th, 12th; Kennett Square, 5th, 6th, 12th, 
16th ; Phoenixville. 16th, 17th; Westtown, 5th; Rimersburg, rth, 15th, 16th; 
Catawissa, 5th, 16th; Meadville, 3d, 8th, 11th, 15th; Carlisle, 16th; Harris- 
burg, 16th; Swarthmore, 6th, 13th, 15th, 17th; Uniontown, 5th, 6th, 7th, 8th; 
Petersburg, 16th; Indiana, 7th, gth, 1oth, 16th; Myerstown, 12th, 13th; 
Coopersburg, 12th, 13th; Philadelphia, 6th, 15th; Girardville, 12th, 16th; 
Selins Grove, 12th, 13th; Somerset, 7th; Wellsboro, gth, 16th; Lewisburg, 
5th, 12th, 16th; Columbus, 16th; Dyberry, 7th, 12th, 13th; Ligonier, 5th, 
gth ; South Eaton, 5th, 16th; York, 5th, 12th. 

Hfail.—Johnstown, 16th. 

Snow.—Blue Knob, 2oth. 


Frost.—Pittsburgh, 28th, 29th; Charlesville, 25th, 29th; Altoona, 24th, 
25th, 27th, 28th; Blue Knob, Ist, 24th, 25th, 28th, 29th, 30th; Hollidays- 
burg, 25th, 28th, 29th; Tipton, ist, 2d, 25th, 28th, 29th; Wysox, 28th; 
Le Roy, 25th, 29th, 30th; Forks of Neshaminy, 25th; Quakertown, 25th, 
29th, 30th; Emporium, 28th; State College, 25th, 28th, 29th, 3oth; 
Phillipsburg, Ist, 21st, 22d, 23d, 24th, 25th, 28th, 29th, 30th; Coates- 
ville, 25th, 29th, 30th; Phoenixville, 25th, 29th, 30th; Westtown, 25th; 
Rimersburg, Ist, 24th, 28th, 29th; Grainpian Hills, 1st, 25th, 28th, 29th, 30th ; 
Catawissa, 25th, 28th, 29th, 30th; Meadville, Ist, 2d, 25th, 29th, 3oth; 
Waynesburg, 2d; Huntingdon, 28th, 29th; Petersburg, 2d, 25th, 28th; 
Indiana, 28th, 29th, 30th; Lancaster. 25th, 30th; New Castle, 28th, 2gth ; 
Myerstown, Ith, 25th, 29th, 30th ; Coopersburg, 25th ; Wilkes-Barre, 29th, 30th ; 
Nisbet, 25th, 28th; Greenville, 24th, 25th, 29th; Bethlehem, 25th, 29th; 
Philadelphia, 25th, 29th ; Girardville, 21st, 23d, 24th, 25th, 26th, 28th, 29th, 
30th ; Selins Grove, 25th, 28th, 29th; Somerset, 1st, 24th, 28th, 30th; Wells- 
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Huntingdon, . 
Indiana, ... 


Lancaster, . : 
Lawrence, . . 
Lebanon,. . . 
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Snyder, ... 
Somerset, .. 

Union,! 

ashington, . 
Wayne, . 
Wayne, ... 


| 

en eee 
Blair? ....-. 
Mm 
Bradford,. . . . 
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MonrTHLY SUMMARY OF Reports BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE 
| Barometer Repucep | TEMPERATURE. 
f 
Maxmum. Murnimum. Dairy Rance. 
| | 4 | | = | 4 
| | | 
Allegheny,'. ... Pittsburgh,. 847 30°t30 | 30°390 | 29°880 64°6 8 | 28 | 73°5 | | 17°8 2 
.....| ... -| 4900 | -- | 6% 37 29°0 29 | 72% | 50% | 22°2 39'0 I 
Blair, 947 62'0 7 29 750 | 49°0 | 43°0 1 10°0 
915 ‘0 3 | 28, 29 | | 54°3 | 19°8 | 3 40 
Bradford,. .... 718 30°154 | 307432 | 29°866 | 4 | 28 69°7 | | eos 35°5 | 4 10 
Bradford, ....| LeRoy, 3,400 | Seo 4 32°0 25 | 532 | 28°0 25 40 
Bucks, . 6.6 5 | 30°: 30°380 | 29°870 | 62°0 5 33°0 25 | 51°9 22°2 35°7 30 
Cambria.) .... | | 30°419 | | 63°5 7, 8 | 28, 29 74°3 52°7. | 216 33°0 14 
Cameron,, .... m pori eee | eee eee ++ | 62° 7 32°0 | 26, 29 | 72°5 49°3 | 23°2 40°0 30 1 
Carbon,! .....)| Mauch Chunk (29 days), 0's 55° | 87°0 5 2 73°3 38's 3° 40 
Ceptre,. ... ..| State College— | 
Agricultural ExperimentStation,. | 1,191 | 30°097 | 30°384 | 29°797 | 60°6 86°0 7 32°0 | 70°7 50°9 19°8 33°0 
Centre,. . ... .| Phillipsburg,... ...... 1,350 one | | s9°5 7 27°0 | 46°3 26"4 45° | 2 1 
6 455 | 30°118 | 30°366 | 29°885 64°3 | 5 | 25, 29 73°7 36°6 17°1 19 40 11 
Chester, Westtown 350 | | 30°367 | 29° | 64 85°0 5 39°0 25 | 56°5 |; 16°5 
.. ..| .. | -.| | 2, 5,7 34°0 (1,28, 29) 70% | 19°5 44°0 2 2°0 10 
Crawford, .... Meadville, .. + + «| 1,390 | 30°055 | 30°370 | 29°730 57°9 S4°0 7, 8 35°0 29 21°2 as 
Cumberland, ... Carlisle (29 days), . 5 32°0 29 77°4 53°9 23°5 37°0 I 2°0 
361 | 30°150 30°383 | 29°88 63°6 7 42°0 29 72°8 55°7 17°! 300 19 40 
Delaware, ...., Swarthmore— 

Swarthmore College, ..... . | | 30°294 | 29°88 | 64°3 5 43°0 26 74°0 56°5 17°5 27°7 19 11 
Payette, ...../ ee 8,000 | 30°076 | | 29°734 | 667 87°0 8 28, -29 56°6 188 34°0 | 2 6'0 27 
Franklin) ... .| Chambersbu 

Huntingdor,!. . . | don— | | 

| ormal College, ...... | 88°0 5 29 | 48°o 289 | 49°0 20 9 
Huntingdon, . . . | | 63°5 goro | 2 33°0 | 2 | 777% | 53°s 23° 44°0 2 40 
Indiana, .....| Indiana— | 

| _ State Normal Schoo!,. . . . . .| 1,350 | 30°197 | 30°415 "996 | 61's 840 | 7, 8 32°0 8 | | 236 | 34°0 2 20 
Lancaster, . i. ./| Lancaster 47% 30°144 | 30°320 | 29°972 59°! | 14, 19 30°0 22°6 34'S 19 17°5 26 
474 30°087 | 30°260 | 29891 go’o 5 33°0 25 §2°2 22°3 36's 30 40 11 
Lebanon,. . . . Annville— | 

zerne,. .... Drifm— | 

Thiel College, .........| 1,000 | 30°089 30°35 29° 762 87°0 7 29 49°38 22°3 40°2 2 38 10 
Momtgomory,. . .| Potislowm, 890 5 39°0 25 76'0 57 > 19’0 31°0 2 2°0 
Northampton, .. Bethlehem,............ 86°0 5 340 25 73°6 54°5 19"! 340 | 30 I 
Phila ia,! . Philadelphia— 

117  30°380 | 29°880 88-0 5 .| 25 74°8 59°6 15°2 25°0 25 40 11 
Schuylkill, ....  Girardville, .......... 1,000 | 30°303 | 29910 614 5 | 25, 26 70°38 290 30 7'0 It 
Sullivan,” «| Eagles Mere,. ...... 2... 2,060 | 30°296 | | 29° 59°6 3 | 28 64°6 50°9 13°7 24°0 1 13 
Wyoming,!. ... SouthEaton.........../ 660 57°S 4 5 35°O | 25, 29, | 30 40 un 
| | | | sp yes | 67°3 5, 7 34/0 25 75°2 59°4 15°8 38°0 5 10°5 


1 Observations taken at 8 A. M, and 8 P. M, 
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OLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR SEPTEMBER, 18¢ 


TEMPERATURE. 
sé 

3 
is | is 
= 
73°5 55°7 
72°6 50° 
72°4 55 
75°° 49°0 
54° 

49" 

53°2 
$2°7 
72°5 9" 
73°3 
7°°7 50°9 
72°7 46'3 
73°7 56" 

74°2 56" 
730 56°5 
srt 
72°8 548 
| | 
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PR&cIPITATION. 


| Numser or Days. 


47%) | 
gos | 
3 14 
6°60 13 
5°18 3 
3°67 10 
437 | 10 
3°05 12 
4°82 10 
5°85 14 
791 12 
46q | 
| 12 
4°07 12 
3°30 9 
soe 
3%) | 9 
| 9 
| % 
5°87 13 
3°87 15 
2°81 9 
5°82 10 
| w 
2°89 
2°62 9 | 
5°16 
6°73 170 
2°62 : 7 | 
soo | 
5 | 
235 | 9 
810 13 | 
1°24 
78 | | 
| 8 | 
et | 
5°20 
3°55 7 
2°42 8 
39° | 7 
619 | 13 
? 
2°31 
45st 9 
313 7 
7°84 10 
711 10 
£39 11 
3°70 10 
12 
440 | 10 
4°55 13 
8°54 13 
2°05 9 
4°55 9 


Dairy Rance. | | & | 
40°0 | 178 | 310 2 9 | | 7 | % 9 
29°0 2 22°2 39"0 1 11 | | 10 | 9 
35°0 2 «CI 16°8 27°0 14 12 69°8 | 
29 26°0 43°0 10°0 85°5 | 10 10 10 
35°0 | 26, 29 | 19°8 39°0 3 4 8 
31'0 2 | 20°1 35'S 4 10 85°0 | | 3 15 
32°0 25 15°3 25 40 9 12 
33°0 22°2 35°7 70° 11 | 9 
36°0 | 28, 29 | 21°6 33°0 14 go | 563 | 
32°0 | 26, 29 | 23°2 40°0 jo 10 
32°0 | 25 19°8 33°0 2 fo | 8 79°7 | | 8 | a: 10 
26"4 2 go | 10 10 | 
| 25, 29 | 17°! 19 40 78°0 | 13 | 2 
360 | | | | | as | 8470 | | 
34°0 29 | 15°7 | 2 20 cee eee 9 | 8 
| 
34°0 28, 29 | 44°0 2 20 | 4 | 6 10 
| 28 Bo | 380 2 6o | 9 
32°09 | 29 23°5 | 37°0 ™% | 61'0 7 
42°0 29 | 30° | 19 | 40 778 56°0 
43°0 26 775 | 279 11 85"0 | | 
39.0 | 29 1470 | 23°0 3 27 79°90 | 53°0 | 8 
| 28, 29 188 34°0 2 | 60 27 see | 6 | 3 
310 2 17°4 24°0 9 10 11 
310 29 49°0 20 | 19'0 19 4 
33°0 2' 23°6 “| | see | 7 
320 | 23°6 34°0 | ge 367 8 | 10 
joo |g 226 | 345 | 19 17°5 | 
330 | 25 | 365 | 30 | 9 
25 22°4 45°° 4 | 5° ™%4 sae 4 13 13 
32°0 30 24°5 | 38'0 | go | | 9 
| | 
35° | 39 | 40° 2 | 38 | | 346 7 | 13 
39°0 25 11 84'0 14 9 7 
340 19°! 34°0 So | 33 83°0 59°0 15 5 190 
45°0 25 25°0 | Ir 9 7 14 
36°0 | 25, 26 19°4 29°0 77° ste s 16 
37°90 29 174 | 14 85°5 7 14 9 
320 | 2 22°9 | 30 58'0 9 8 13 
634° 28 13°7 24°0 | 3% 13 814 §3°1 5 13 
30°0 | 29, 30 15°9 38°0 | eo 20 54°2 4 15 
| 325 32°90 | 10°o ees 8 7 
30°09 | 29, 30 27 69°7 47°7 9 
32°0 | 25, 29 17°3 340 go | 56"4 
| 28, 29 25°3 43° | 20 | &5'0 7 
| 25, 29 | CEC 12 5 13 
34'0 25 15'8 38°0 | | | 82°5 59°0 | 20 3 7 
T. 


EMBER, 1890. 


Rm OF Days. | Winp. 


Du Prevartinc Direction. 
Osservers. 
= 2 
. . 
«< = 
5 
| 
| Prof. E. S. Breidenbaugh. 
14 9 S Oscar D. Se Sig. Corps. 
mx 9 N Sw N Miss E. A. G. Apple 
... | Dr. Charles B. dley. 
to 2 | SW NW NW A. H. Boyle. 
10 1 | W w SW _ | Prof. J. A. Stewart. 
Ww W | Miss Cora J. Wilson. 
3 ts | SE w SE | Charles Beecher. 
7 12 | SW Sw SW | Geo. W. T. Warburton. 
8 te N N | J. C. Hilsman 
10 9 | SW SW Sw | J. L. Heacock. 
10 mt . C. Lorentz 
7 | | NW | NW | Nw /T.B. Loyd. 
NW | NW | John J. Boyd. 
| 
12 | 10 N SW | SW | Prof. Wm. Frear. 
as oe SW SW | SW | Geo. H. Dunkle 
8 | NW S Ss esse C. Green, D.D.S 
wiwt s T. Gordon 
8 N | Benj, P. Kirk. 
NW SE | Knowles Croske 
Ww E | Prof. Wm. F. Wickersham. 
Ww W ss Rev. W. W. Deatrick, A.M. 
. | C. M. Thomas, B.S. 
Sw E | Nathan Moore. 
Ww Ww Prof. John A. Robb. 
one | eae | Robert M, Graham. 
9 10 Ss Ss S J. & B. H. Metcalf. 
12 7 E. Pague. 
9 10 E - | E E | Frank Ridgway, Sgt. Sig. Corps. 
NW | Prof. Susan J. Cunningham. 
1m 1 S | S| S_ | Peter Wood, Sgt. Sig. Corps. 
11 3 Sw | Sw SW Wm. Hunt. 
«+ | Miss Mary A. Ricker. 
13 | «+. | Thomas F, Sloan. 
4 7 Prof. W. J. Swigart. 
7 Ww J. E. Rooney. 
12 10 N N NW | Prof.S C. Schmucker. 
9 9 NW NW NW | C.N, Heller. 
10 g Ss E | Wn, T. Butz. 
w w | W | Wm. H. Kline. 
7 | 33 NE | SE | NE |M 
13 13 johnc Pachter. 
} E A. W. Betterly. 
10 13 Ss Ss Ss Prof. S. H. Miller. 
| . | Cuibertson & Lantz. 
9 7 NW | SW | SW _ | Charles Moore, D.D.S. 
5 rm | WwW | W | W | Lerch & Rice 
| 
7 4 | NE NE | NE | Luther M. Dey, Sgt. Sig. Corps. 
Ww | NW | E.C. Wagner. 
14 9 SE SE SE +t Boyer, 
8 13 NW NW | NW M. Schrock. 
5 133 | SW sw | sw E. S. Chase. 
11 15 S | | H.D. Deming. 
15 Sw | SW | F.O. Whitman. 
10 6 sw | sw Wm. Loveland. 


~ | «se | AL. Ruston, M.D. 
NW Theodore Day. 
133 | NW | NW | NW | Benj. M. Hall. 
7 | NW) NW | NW | Mrs. L. H. Grenewald. 


T. F, Townscnp, Sergeant Signal Assistant. 
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boro, 1st, 2d, 21st, 25th, 28th, 29th, 30th; Lewisburg, 30th; Columbus, Ist, 


2d, 25th, 29th, 30th ; Dyberry, 25th, 28th, 29th, 30th; Honesdale, 25th, 2gth, 
30th ; Ligonier, 28th, 29th; South Eaton, 25th, 28th, 29th; York, 25th, 29th, 
30th ; Eagles Mere, 25th, 28th, 30th. 
Corona.—Charlesville, 23d; Dyberry, 21st, 25th; Eagles Mere, 25th. 
Solar Halos.—Le Roy, 14th, 22d, 25th; Meadville, 5th, 14th, 18th; Eagles 
Mere, 14th, 24th, 25th. 


Lunar Halos.—Charlesville, 18th; Hollidaysburg, 25th; Phcenixville, 
23d, 28th; Meadville, 27th; Carlisle, 28th; Lancaster, 22d, 23d; Somerset, 
2gth, 30th; York, 25th. 

Meteors.—Charlesville, 23d. 

Earthquake.—Pheenixville, 4th. 


WEATHER FORECASTS, 


Percentage of local verifications of weather and temperature signals as 
teported by displaymen for September, 1890: 
Weather, 88 per cent. 
Temperature, go per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS, 


Displayman. Station, 
U. S. Signal Office, . Philadelphia. 
Wanamaker & Brown, . . 
Continental Brewing Company, . .... . 
Western Meat Company,. ........ 
C. W. Burkhart, . Shoemakersville. 
A. N. Lindenmuth, . Allentown. 
C. B. Whitehead, Bradford. 
Thomas F. Sloan, McConnellsburg. 
J. H. Fulmer, . Muncy. 
Ws New Castle. 
Capt. A. Goldsmith, Quakertown, 
Frank Ross, . Oil City. 
Lerch & Rice, Bethlehem. 
Signal Office, . Erie. 
J. R. Raynsford, . Montrose. 


E. P. Wilbur & Co., 


Agricultural Experiment Station, ‘ 


Signal Office, . Pittsburgh. 
New Era, . Lancaster. 
D. G. Hurley, . Altoona. 


South Bethlehem, 
State College. 


* 
| 
| 
| | 
|. 


Displayman. 
J. E. Forsythe, a 
Steward M. Dreher, 
State Normal School, . 
E. C. Wagner, 
L. H. Grenewald, 
J. E. Pague, 
Peck, 
H. D. Miller, . 
M. Tannehill, 
S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 
A. M. Wildman, 
G. W. Klee, 
A. Simon's Sons, 
Rafitsman's Journal, 
R. C. Schmidt & Co., . 
Chas. B. Lutz, 
E. C. Lorentz, 
W. M. James, 
Miller & Allison, 
Dr. A. L. Runion, 
E. J. Sellers, . 
C. A. Hinsdell, . 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., . 


Charles. M. Mullen, 
E. W. Merrill, 

A. Simon’s Sons, 
Frank Ridgway, 
G. W. Yost, 

A.C. Tryon, . 

A. H. Gerbench, 
Knowles Croskey, . 
Powell Bros., . 
Lincoln E. Rowley, 


Station. 
Butler. 
Stroudsburg. 
Millersville. 
Girardville. 


York. 


Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Canonsburg. 
Kutztown. 
Scranton. 
Hartsville. 
Milford. 


Wilmington, Del.. 


Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
Annville. 
Phoenixville. 
Shadeland. 
Athens. 


4 

. . . . . . . . \ 
. . . . . . . 

. . . . . . . . 
. . . . . . 
WASH 

AY 
7) 

> 


RO NG 


arti. 


ER rast 


> 
Wri 


* Jour. Frank. Insi., Vol. CXXIX. November, 1890. Saas 
MEAN TEMPERATURE AND RAINFALL FOR SEP 
WASHING TON WEST MOR 885. Ros 


ATURE AND RAINFALL FOR SEPTEMBER, 1890. 


Hwy 


| 


} 

“ff 

ot : 
q 

| 

| | 

at 
‘at 


PENNSYLVANIA STATE WEATHER SERVICE, 


MONTHLY WEATHER REVIEW 
For OCTOBER, 1890. 


Prepared under the Direction of the Committee on Meteorology of the 
FRANKLIN INSTITUTE, 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 31, 1890 


TEMPERATURE, 


The mean temperature of $9 stations for October, 1890, was §0°'9, which 
is about 1% below the normal, and 3°7 above the corresponding month of 
1889. 

The mean of the daily maximum and minimum temperatures §8°7 and 
43°2 give an average daily range of 15°5, and a monthly mean of 50° 9 

Highest monthly mean, 56°4 at Uniontown, 

Lowest monthly mean, 44°°8 at Eagles Mere. 

Highest temperature recorded during the month, 81°o on the rgth at 
Selins Grove. 

Lowest temperature, 21°°o on the 31st at Dyberry. 

Greatest local monthly range, 55° at Wilkes-Barre. 

Least local monthly range, 36° at Altoona. 

Greatest daily range, 43° at Huntingdon on the gth. 

Least daily range, 1°°o at Waynesburg on the 21st. 

From January 1, 1890, to October 31, 18go, the excess in temperature af 
Philadelphia was 656°, at Erie 113° and at Pittsburgh 652°. 

The coldest period of the month was on the jist. 

BAROMETER. 


The mean pressure for the month, 29’92, is about *1$ below the normal. , 


At the U. S. Signal Service Stations, the highest observed was 30°37 at Vhila- 
delphia on the oth, and the lowest 29°28 at Erie on the 29th. 
PRECIPITATION. 
The average rainfall 5°87 inches for the month, is an excess of 2°§0 inches. 
The largest monthly totals in inches were Eagles Mere, 8:41; Uniontown, 
7°41; Dyberry, 7°39; Lancaster, 7°34; Quakertown, 7°25; Columbus, 7°25 ; 
Somerset, 7°12. 


The least were Mauch Chunk, 4°03; Altoona, 4°12; Wysox, 4°24; Wells- 


boro, 4°69; Meadville, 4°75; Philadelphia, 482; Wilkes-Barre, 4°85. 
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With the exception of the 9th, precipitation fell on every day on some 
sections of the State. 

The following totals in snowfall were reported : Somerset, 5°25; Eagles 
Mere, 4:15; Grampian Hills, 350; Columbus, 3:00; Meadville, 2°25; Rimers- 
burg, 1°75 and Greenville, roo inches. The snowfalls occurred on the 27th, 
28th, 29th, 30th and 31st. 

WIND AND WEATHER. 

The prevailing wind was from the West. The weather was nearly normal 
in temperature, and above in precipitation and humidity. 

Average number: Rainy days, 15; clear days, 6; fair days, 8; cloudy 
days, 17. 

MISCELLANEOUS PHENOMENA. 


Thunder-storms.—Blue Knob, tst, 18th; Coatesville, 29th; Kennett Square, 
29th; Westtown, 2gth ; Meadville, 14th, 18th ; Carlisle, 3d ; Swarthmore, ; 
Philadelphia, 30th ; Selins Grove, 2d; Lewisburg, 2d; Columbus, 6th. , 

Hail.—Blue Knob, 26th; Wysox, 30th; Coatesville, 29th; Wilkes-Barre, 
14th; Greenville, 14th; Philadelphia, 30th; Eagles Mere, igth; Dyberry, 
23d. 

Snow.—Charles ville, 30th, 31st; Blue Knob, 27th, 28th, 29th, 3oth, 31st; 
Hollidaysburg, 30th; Le Roy, 27th, 28th; Johnstown, 27th, 28th, 29th, 30th, 
31st; Emporium, 27th, 30th, 31st; Rimersburg, 29th, 31st; Meadville, 27th, 
30th, 31st; Grampian Hills, 28th, 29th, 30th, 31st; Chambersburg, 29th; 
Waynesburg, 30th, 31st; Indiana, 14th, 29th, 30th; New Castle, 29th; 
Wilkes-Barre, 29th; Greenville, 26th, 27th, 29th, 30th, 31st; Girardville, 
28th, 29th ; Somerset, 28th, 29th, 30th; Eagles Mere, 27th, 28th, 29th, joth ; 
Columbus, j3oth, 31st; Dyberry, 28th, 30th ; Ligonier, 31st. 

Frost.—Pittsburgh, 30th, 31st; Charlesville, 22d; Altoona, 20th, ‘27th, 
30th, 31st; Blue Knob, gth, 15th, 18th, 22d, 26th; Hollidaysburg, 31st; 
Tipton, 22d, 31st; Wysox, 30th, 31st; Le Roy, 22d, 31st; Quakertown, gth, 
21st, 22d, 30th, 31st; State College, 22d, 31st; Phoenixville, 18th, 22d, 31st ; 
Coatesville, 18th, 22d, 26th, 28th, 30th, 31st; Westtown, 31st; Rimersburg, 
21st, 22d, 28th; Grampian Hills, 15th, 18th; Lock Haven, 3oth, 31st; Mead- 
ville, 15th, 18th, 22d; Carlisle, 22d; Harrisburg, 22d; Erie, 18th, 22d; 
Chambersburg, 29th; Huntingdon, 31st; Indiana, 8th, 26th; Lancaster, 22d, 
31st; New Castle, 22d, 31st; Myerstown, Ist, oth, 15th, 18th, 22d, 31st; 
Coopersburg, 9th, 22d, 30th; Wilkes-Barre, roth, 13th, 18th, 31st; Nisbet, 18th, 
2oth, 21st; Greenville, 18th, 22d; Bethlehem, 21st, 30th, 31st; Philadelphia, 
22d, 31st; Girardville, 8th, oth, toth, 13th, 15th, 16ih, Igth, 20th, 21st, 22d, 

23d, 24th, 25th, 26th, 2:*h, 28th, 29th, 30th, 31st; Selins Grove, gth, 15th, 
18th, 22d, 31st; Somerset, 22d; Eagles Mere, 8th, gth, 18th, 21st, 22d; 
Wellsboro, 9th, roth, 15th, 18th, 22d, 27th, 28th, 31st; Lewisburg, 1st, 22d; 
Columbus, 18th, 22d, 28th, 3oth, 31st; Dyberry, oth, toth, 12th, 13th, 16th, 
22d, 27th, 28th, 29th, 30th, 31st; Honesdale, 22d, 31st; Ligonier, 22d; South 
Eaton, 17th, 31st; York, 15th, 22d, 31st. 

Sleet.—Blue Knob, 26th. 
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MonTHLY SUMMARY OF REPORTS BY VOLUNTARY OxssEKVERS OF THE PENNSYLVANIA STATE WEA! 


| Barzomerer Repucep TEMPERATURE 
To Sea Lever. 
Maximum. Minimum Datty RANGE. = 
847 29°950  30°290 | 29°310 54°2 78°0 13 35°0 31 33°5 13 23 73°8 448 
Bradford, . 718 29°945 | 32°383 | 29°397 1 22°0 56°2 40°4 15°83 36°0 1 at 43°9 
« 536 29°930 30°340 29°360 50°60 1 22°0 31 59°9 42°5 17°4 30°5 24 82°2 44°9 
Johnstown, 29°995 | 30°377 | 29°350 52"4 10 340 22, 31 60°4 44°5 15°9 ) 3 47°0 
Carbon) . . . . Mauch Chunk (30 days), or 55° 52°5 75°0 1 31 60°7 44°3 16°4 37°0 22 4 
Centre,. . .... State College— 
Agricultural ExperimentStation,. 1,191 29°8g2 | 30°324 | 233 49°3 10 31 42°9 10 3°0 79°5 42°7 
ce Phillipsburg. 1,350 cre ere 48°3 ' 75°0 5 280 3° 10 7 
455 29°903 | 30°303 | 29275 52°5 { 74°0 4 32°0 59°7 47°0 12°7 23'0 10 40 2 45'0 
51°9 77° 1,5,30, 25'0 31 62°7 43°9 18°8 35°0 18 23 
350 29°957 | 30°361 | 29°402 53°6 73'0 4 60'0 47°7 12°3 24°0 1 50 12 
Clast@m, << «| 8588 | 49°4 74°0 5 #30°0 38 55°1 110 22 15 2 
Clarion, . ....| Clarion— | | 
State Normal School («8 days), 1,530 ... 48°8 73°0 10 | 28, 29 39°7 15 27°5 10 4’0 12 92°7 46'5 
Clearfield, ....j| Grampian Hills, ......... 1,45° ese | 48°2 74°0 10 30°0 3t 55°3 43°0 12°3 30°0 18 ‘ 
Crawford, < @ 29°899  30°300 | 29 250 48°7 9 32°0 22, 30 56°7 4°°7 16°0 87°0 44°3 
361 29°968 30°368 | 2ag*421 52°8 5 34°0 3! 59°5 12°6 25'0 1 30 75 44°6 
Delaware, .... Swarthmore— | 
- 190 29°903 | 30°303 29415 53°4 1 31"0 31 60"9 43°3 12°6 28°2 7 48'0 
681 29'900 | 30°280 | 2y*280 730 2 320 30 570 | 18 40 12 82'0 45'0 
Fayette, ... +. 1,000 | 29°931 | 30°2399 | 29°545 56°4 79°0 13 360 ©6028, 29 | 15°2 18 29 
Franklin,’ . . . Chambersburg— ° 
Wilson Female College,. . . . . 618 29°923 | 30°2y8 29°434 $3°2 78°0 5 28°0 31 62°8 43°7 36°0 1 770 13 458 
Greene, 750 13 27°0 34 5°°9 40°8 10"! 29°0 9 10 au 
Huntingdon,! Huntingdon— 
The Normal College, . . . . . 50°6 78°0 24°0 31 39°9 214 470 13 
Huntingdon, . . . Petersburg,...... . 700 om 52°3 84°0 5 3° 62°2 58 36 18 
Indiana, ..... Indiana— 
State Normal School,. . .... 1,350 29"980 | 30°255 | 29°447) 49°9 10 31 57°3 41°3 16°0 30°0 18 so 3 82°3 47°7 
29°957 | 3°°355  29°457 52°9 10 27°0 23 61°6 41°0 20°6 37°5 10 2 82°2 
932 2" 8 28°0 2?, 31 59°5 38°9 20°6 35°0 i8 40 29 g1°6 50°6 
we 474 <9"g00 30°284 29412 §2°3 3 26° 3. 60"4 42°5 17°8 32°5 18 50 7 48°6 
Lebanon,. .... Annville— 
Lehigh, 520 ° 53°3 74°0 I 31 59°5 45°5 1470 2¢ 2 
Luzerne, . ... . | Drifton— 
Drifton Hospital,. ....... 1,655 47°6 1 31 aut 15°4 25'0 10 25 
Mercer,! ..... Greenville— 
29°860 30°259 29°230 50°2 5 32°0 22 585 420 16°5 33°0 18 12 94'0 44°0 
150 54°0 75°09 §, 80 3t 61°3 46°3 31'0 7 
Northampton, ..| Bethlehem,............ 360 52°9 75°0 1 27°0 3t 44°0 16°02 + 22 7 48°0 
Philadelpmia,! . . Philadelphia— 
117 29°930 30°370 55°5 31 61°5 12°0 24°0 1 24 739 
Schuylkill, . . . . Girardville, | 50°2 30 56"4 42°7 13°7 10 50 20 
Tioga, ..... . Wellsboro, oe} S07 30°367, 6 280 22 566 39°9 16°7 370 18 ai 75°! 40°2 
Warren, Columbus (29 days), 436 1 28°0 18, 22 14°83 18 2 27 74" 38°6 
Wyoming, ... . . | Sowth Baton 660 498 260 3t 56°5 13°3 32°0 t 30 14 
385 29°898 29°399 770 1s o 3" 61°5 44°4 15 6°5 5 47° 


' Observations taken at 8 A. M. and 8 P. M. 2 Observations taken at r2 Noon, 
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JOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR OcToseR, 189¢ 


TEMPERATURE. 
} 
INIMUM. | 
§ 
| i ss 
sa | is 
tz = 
= 
2 | | 42°3 
» | 29, gt | 603 | 469 | 
> 
31 54°0 43°65 | 
> 59°9 | 
>» | 22, | 60% | 
> 
) 31 60°7 44°37 
56°3 42°9 
30 | | | 
> | 479 | 
3t | 47°7 | 
» | xy, 3 | 
| 28, 29) 55°5 | 
> 43°3 
3t 57°3 
» 22, 30! §6°7 
31 621 
> 3! 59°5 469 
2 31 60"9 43°3 
30 46'0 
28, 29 64°0 48°38 
5) 31 62°8 43°7 
31 614 44°2 
38 50°9 40°8 
> 31 
> 30 62°2 
57°3 
> 23 | 61°6 
2 4 2% 38 | 
> 33 42°5 
) 3t 59°5 45°5 
56°5 
> 55°6 40°9 
22 58 5 42°0 
> 3t 61°3 “46°3 
2 60'0 44°0 
61's 49°5 
56"4 
22, 28 53°3 39°38 
> 47°6 45 
> 22 566 39°9 
2 3t 60°6 441 
> 18, 22 


139 
19°9 
139 
15°38 
10°4 
17°4 
159 
17°2 
164 


134 
18°2 
12°7 
13°8 
14°0 
12°3 
iro 


12°3 


Dairy Ranas. 


| 
32°0 10 45 
9 | Ge 
36° 6 | 8o 
33°0 10 } zo 
| 
| 9 
'30°S 6'0 
9 50 
34°0 18 
37°0 22 40 
10 
35°° 10 5° 
18 
| 
24°0 | 50 
22°0 15 20 
27°5 10 40 
30°0 18 
18 
26°0 10 
25°0 1 30 
24°0 18 
29"0 18 
1 77° 
32°0 18 
29°0 9 10 
9 
30°0 18 
30°0 18 go 
37°5 10 7° 
35°0 18 
32°5 18 50 
25°0 10 
38°0 1 30 
33°0 18 45 
| 1 ops 
30°0 22 oo 
24°0 1 50 
10 50 
9 50 
20°0 2 30 
18 30 
10 
18 


| 
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Dew Point. 


PrecirrraTion. Numper or Davy 
Sa 
ae 
Zz o | 
5°42 at 5 9 
5°02 19 8 3 2 
5°72 15 9 
4°24 18 7 
5°37 15 6 
5°77 16 9 
7°25 17 8 6 1 
5°26 23 4 9 i 
5°3> 13 6 6 
4°03 12 9 |} 6 1 
wns at 2 10 1 
6°28 9 8 1 
6°34 os 16 12 8 1 
549 15 7 7 
ee 16 5 
5°75 12 9 
a1 5 12 1 
5°19 = 6 7 7 1 
6°36 350 18 2 to 
5°36 17 3 10 
599 ™%4 a6 
4°75 2°25 2u 4 8 
5°72 ee 15 ; 
6°40 15 6 
6°16 oe 12 1 12 
613 22 4 6 
7°41 5 5 5 
5°48 10 8 8 
Oge-i .. 14 8 10 
5°04 ee 13 12 8 
5°59 eo. 12 5 16 
7 4 9 
734 15 3 10 | 
6°26 10 5 8 
5°52 14 2 
6°04 16 8 
4°35 ‘ 15 10 1 
68s 1'00 23 2 6 
6°17 ee 10 5 3 
4°82 ri 15 8 3 
624 14 4 
12 3 12 
7°12 5°25 16 1 9 
4715 16 5 6 
469 17 3 6 
5°74 8 6 12 
"25 300 9 


| 
3 
| 
Bees 
a | | 
23 | B70 | 47° 
| 7S | 445 
88.0 480 
26 845 
20 
23 
12 
7 eee 
a3 79°S 42°7 
27 
2 45°0 
oe 
23 83°99 | 47°3 
12 ees 
2's 
12 92°7 46's 
23 
12°3 25 
17°77 49°0 
12°6 7 83°0 48°0 
12 82.0 | 
15°2 29 ise 
19"t 13 85°4 458 
13 
15°8 ay she 
16’0 23 47'7 
20°6 2 | 
20°6 29 | 50% 
17°8 7 | 83 | 48°6 
15°4 25 cas 
14°7 20 | eee 
16°5 12 94°0 44°0 
12°0 24 739 | #454 
26°2 93:7 4as8 
18"5 2 21 45°3 
gt 20 82°5 "3 
16°7 21 46°2 
16°5 7 
14°8 27 740 | 
3 13°3 32°0 370 14 | 518 12 4 3 
3t 61°5 44°4 15 6°5 25 80°7 47°° 6°60 ‘ee 17 9 4 


or Days. | Winp. 
| Prevariinc Direction. 
| OsseRvers. 
| 
< a | a 
} 
Prof. E. S. Breidenbaugh. 
8 Ww r D Stewart, Sgt. Sig. Corps, 
9 17 | SW | SW | SW | Miss E. A.G. Ap 
... | Dr. Charles B. Dudley. 
9 18 | NW | NW NW | A. H. Boyle. 
; 20 wiw w Prof. J. A. Stewart. 
Ww Miss Cora J. Wilson 
ee fee SE | SE SE | Charles Beecher. 
SW Geo. W. T. Warburton. 
9 ir N w wi C. Hilsman. 
6 7 | NW NW NW L. Heacock 
9 S | E.C. Lorentz 
6 NW | NW w B. Lioyd. 
6 16 06©6hCUNNW | NW NW | John J. Boyd. 
° W_ | Prof. Wm. Frear. 
SW SW | Geo. H. Dunkle 
8 4 | NW | NW NW esse C. Green, D.D.S 
8 W | W. T. Gordon. 
7 17 ES ee N | Benj. P. Kirk. 
5 19 NW NW NW Knowles Croskey. 
9 4 | W w E | Prof. Wm. F. Wickersham. 
2 E E | Rev. W. W. Deatrick, A.M. 
SW sw. sw | C. M. Thomas, B.S. 
© 1 Ww Ww W | Nathan Moore. 
° 1 WwW WwW Ws Prof. John A. Robb. 
‘ we Robert M. Graham. 
8 19 Sw Ww Ww J. & B. H. Metcalf. 
t 15 N w Ww . E, Pague. 
6 17 w w W | Frank Ridgway, Sgt. Sig. Corps. 
2 18 Ww NW | NW | Prof Susan J. Cunningham. 
6 21 Sw | Sw SW | Peter Wood, Sgt Sig. Corps. 
5 ur NW | NW w Wm. Hunt. 
8 15 | Miss Mary A. Ricker. 
° 13 N NW ~~ Thomas F. Sioan. 
| Capt. W. C. Kimber, 
8 Ww Prof. W. J. Swigart. 
6 15 E NW J. E. Rooney. 
9 18 NW w NW _ Prof.S C. Schmucker. 
o ; 8 NW NW NW | Lewis T, Lampe. 
8 18 NW w NW | Wm. T. Butz. 
2 17 w w w Wm. ii. Kline. 
... | Geo. W. Bowman, A.M., Ph.D 
6 17 SE | SE NE | M.H., Boye. 
ee H. D. Miller, M.D. 
I zo | NE NE NE A. W Betterly. 
. | John S. Gibson, P. M. 
6 23 SE N Prof. S. H. Miller. 
. .. | Culbertson & Lantz. 
4 Ww Ww w Charles Moore, D.D.S. 
3 3 w Ww w Lerch & Rice. 
3 20 NW NW NW ipamee SS. Dey, Sgt. Sig. Corps. 
4 16 NW NW WwW E. C Wagner. 
2 16 NW NW NW | es Boyer, 
) au NW NW NW . M. Schrock 
6 20 Sw Sw SW’ | E.S. Chase, 
6 22 NW NW NW H.D. Deming. 
12 13 Ww Ww Ws F. O. Whitman. 
9 20 Sw SW SW Wm. Loveland. 
A L. Runion, M.D. 
9 18 NW nw NW | Theodore Day, 
. + | John Torrey. 
9 15 . T. Ambrose 
3 19 NW NW NW ~~‘ M. Hall. 
4 18 NW NW NW . L. H. Grenewald. 


T. F. Townsenn, Sergeant Signal Corps, Assistont. 
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Aurora.—Le Roy, 17th; Coatesville, 17th ; Grampian Hills, 17th, 18th ; 
Wilkes-Barre, 3d; Nisbet, 17th; Eagles Mere, 5th, 17th. 

Corone.—Myerstown, Dyberry, 18th, 22d, 25th. 

Solar Halos.—Le Roy, 16th, 18th, 22d; Lock Haven, 22d; Philadelphia, 
aoth, 22d; Eagles Mere, oth, 16th, 22d; Wellsboro, 14th, 23d, 30th ; Dyberry, 
16th. 


Lunar Halos.—Le Roy, 22d; Pheenixville, 22d; Rimersburg, 2oth, 25th ; 


Meadville, 1st, 21st; Coopersburg, 22d; Eagles Save. 22d; Dyberry, 22d. 
Meteors.—Le Roy, 17th. 
WEATHER FORECASTS. 


Percentage of local verifications of weather and temperature signals as 
seported by displaymen for October, 1890: 


Weather, 78 per cent. 
Temperature, 87 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. Station. 


Pennsylvania Railroad Company, 
Continental Brewing Company, 


Company.: . . . . 
A. N. Lindenmuth,. ..... .. . . . Allentown. 

J. R. Raynsford,. . 

=. P. Ce, . . . « « South Bethlehem. 
Agricultural Experiment Station, 


Steward M. Dreher, . .... ~ Stroudsburg. 
State Normal Scheel, . . . . ... . « Millersville. 
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Iisplayman, 
E. C. Wagner, 
L. H. Grenewald, 
J. E. Pague, 
H. D. Miller, . 
M. Tannehill, 
S. C. Burkholder, 
Robt. M. Graham, . 
Henry F. Bitner, 
A. M. Wildman, 
G. W. Klee, 
A. Simon's Sons, 
Raftsman's Journal, 


R. GC. Schmidt & Co., . 


Chas. B. Lutz, 

E. C. Lorentz, 
W. M. James, 
Miller & Allison, 
Dr. A. L. Runion, 
E, J. Sellers, . 

C. A. Hinsdell, 
H. M. Kaisinger, 
Foulk & Co., . 
William Lawton, 


Wister Heberton & Co., 


Charles M. Mullen, 
E. W. Merrill, 

A. Simon's Sons, 
Frank Ridgway, 
G. W. Yost, 

A. C. Tryon, . 

A. H. Gerbench, 
Knowles Croskey, 
Powell Bros., . 
Lincoln E. Rowley, 


Station 
Girardville- 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg- 
Lock Haven. 
Clearfield. 
Belle Vernon. 
Bloomsburg. 
Johnstown. 
Ashland. 
Punxsutawney. 
Canonsburg. 
Kutztown, 
Scranton. 
Hartsville. 
Milford. 
Wilmington, 
Germantown. 
Bedford. 
North East. 
Lock Haven. 
Harrisburg. 
Collegeville. 
Spartansburg. 
Annville. 
Phoenixville. 
Shadeland. 
Athens. 
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PRICH, $21.00. 
Dressing 
MACHINERY. 


A comprehensive treatise dealing with the modern practice of winning both metalli- 
ferous and non-metalliferovs minerals, including all the operations 
incidental thereto, and preparing the product 
for the market. 


By C. G. WARNFORD LOCK. 


CHAPTER HEADINGS : 


Motive Power. Transmission of Power. Quarrying. Prospecting Machinery. 
Excavating Machinery. Shaft-sinking Machinery. Coal-cutting Machinery. Pumping 
Machinery. Ventilating Machinery. Lighting. Hauling and Hoisting Machinery. 
Transport. Reducing Machinery. Dressing Machinery. Miscellaneous. 


This work covers the whole range of the Mining Industry, and 
ts most profusely illustrated. 


NEARLY READY— 


MODERN COTTON 


Spinning Machinery: 


Its Principles and Construction. 


By ¥OSEPH NASMITH. 


220 DETAILED DRAWINGS OF LATEST APPLIANCES. 
PRICE, $6.00. 

ConTents—1. Introductory. 2. The Structure of the Cotton Fibre. 3. Ginning 
and Mixing. 4. Opening. 5. Scutching. 6. Carding. 7. Card Clothing, Grinding 
and Stripping. 8. Combing. 9. Drawing. 10. Shibbing and Roving. 11. The 
Mule. 12. Ring Spinning. 13. Winding, Reeling and Gassing. 14. Miscellaneous 
Machines and Accessories. 


Descriptive Catalogue of Books relating to Civil, Mechanical and Electrical 
Engineering sent free on application. 


E.& F.N.SPON, Publishers, 12 CortlandtSt.,N.Y. 
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THE 
STANDARD 


STEEL 


are i Locomotive and Car 


PHILADELPHIA, PA. 
METAL PLATE ENGRAVINGS 


FoR —— 


Scientific, Artistic and Commercial Illustration. 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Lllustrated Catalogues. ADDRESS, 


LEVYTYPH CoO. 
7th and Chestnut Sts. Philadelphia. 


J. G. BRILL. GEO, M. BRILL. JAMES RAWLE. 


PHILADELPHIA CAR WORKS. 


j. G. Brill & Co., Car Builders 
Philadelphia. 


_ Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


MAIN BELTING CO. 


MANUPACTURERS OF THE 


LEVIATHAN BELTING, 


1219-1235 Carpenter Street, 
S00 Chtenge: PHILADELPHIA, PA, 
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United Gas Improvement Co, 


DREXEL BUILDING, 
Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


WILLIAM W. GIBBS, President. 
GEORGE PHILLER, Vice-President. 
SAM’L T. BODINE, Gen’! Manager. 
RANDAL MORGAN, Gen’l Counsel. 
EDWARD C. LEE, Sec’y and Treasurer. 
ALEX. C. HUMPHREYS, Gen’l Sup’t. 
WALTON CLARK, Ass’t Gen’l Sup’t. 
H. H. EDGERTON, Chemist and Engineer. 


DIRECTORS : 


GEORGE PHILLER, WM. T. CARTER. 
THOMAS DOLAN, WM. G. WARDEN, 
HENRY C. GIBSON, SAMUEL T. BODINE. 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 


| 
| | 
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“Otto Gas Engine Works” 
SCHLEICHER, SCHUMM & CO. 


33d & WALNUT STS., PHILA. 130 WASHINGTGN ST., CHICAGO. 


Our Engines are Guaranteed to Consume 25 to 75 Per Cent. Less Gas than 
ANY Other Gas Engine Doing the Same Work. 
TWIN ENGINES 


IMPULSE EVERY REVOLUTION. 
The Steadiest Runuing Gas Engine made. 


Engines and Pumps Combined 
For Hydraulic Elevators, Town Water Sup- 
ply, or Railway Service. 


Special Engines for 
Electric Light Work. 


Unexcelled for running Elevators, Wood 
Tools, Printin a, or any kind of 
Machinery. :1to hecse-power. 


Established 1/29, at Ivy Mills, Delaware Co., Pa. 


JAMES M. WILLCOX & CO. 


WHOLESALE COMMISSION 


Paper Warehouse, 
No. 809 MINOR STREET, 
PHILADELPHIA, PA. 


Proprietors of Glen Mills, Delaware Co., Pa. 


Manufacturers of Bank Note, Bond and Parchment Papers 
and all Rag, Music and Machine-finished | 
Book Papers. 
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PENNA. GLOBE GAS LIGHT CO. 


BUILDERS OF 


GAS AND WATER WORKS 


MANUFACTURERS OF 


Gas Machines, Plain and Fancy Street Lamps, 


GASOLINE, NAPHTHA AND CRUDE OIL. 


Principal Office: 20-26 South Fifteenth St., Philada. 
DOUSLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure. 

Operated entirely by one handle. 

Will take hot water 

up to 150 deg. Fahr. 


Will lift .. 
water STanv. 


25 feet. 

Send for Catalogues 
of Blowers and Ven- 
ma tilators and Air Com- 
Send for 70 pressors 
descrip- and Ex- 
tive cata- 
logue. for all 
purpos- 

es, 


Siphon Pumps for 


LOW. 
lifting and forcing wa- Exhaust Steam Induction Condensers 
ter and other liquids. for all kinds of Steam-Engines. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


MITSOGRAPH. 


Patented by THOS. A. EDISON. 

A sim angle, practical, and economical mat’ 
folding device for every-day use, 

It makes 3,000 copies of one original W11. 
ing, Drawing, Music, etc. 1,500 copies c: 
one — Typewriter Letter, ecom 
miended by over 40,000 users. Send fo 
circular Ag: sample of work. 


B. DICK COMPANY, 
22 Liberty lew Tork 152-154 Lake Chicago 
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PHEDRICEK & AYER, 


Manufacturers of 
RICHARDS’ PATENT OPEN-SIDE 
PLANERS AND SHAPERS. 


UNIVERSAL MILLING MACHINES. 
Special Tools for Railway Repair Shope. 


Portable and Stationary Cylinder 
Boring Machines. 


1001 & 1003 Hamilton Street, - Philadelphia, Pa. 


From 1-4 to 15,000 Pounds Weight. 
True to pattern, sound and solid, of unequalled 
and durability. 
Superior in strength and durability to iron forgings in 
any po service whatever 


Shoes, Dies, Hammerheads, 


ete. 
40,000 Crank Shafts and 30.000 Gear Wheels of this Stee! 
now senaing prove its superiority over other Stee 
CRANE SH AND GEARING specialties. 
Send for Circulars and Prices. Address, 


Chester Steel Castings Company, 
(Formerly McHaffie Direct Steel Cestings Co.) 
Works, CHESTER, PA. 407 LIBRARY 87., PHILA. 


M. R. MUCKLE, JR. & CO. 


Consulting and Contracting Engineers, 


No. 212, Drexel Building, Philad’a. 


Expert Work in Steam and Electric Engineering. Complete Steam 
Power and Electric Lighting Installations, Isolated 
and for Central Stations. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
Assay Balances, 
Analytical Balances, 


Balan Fine Weights, &c., &c. 


42-Price List on Application.“@ 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 
THOMAS WOOD & COMPANY, 


Twenty-Second and Wood Sts. 


PHILADELPHIA. 


SHAFTINGS, PULLEYS, 
COUPLINGS, FRICTION PULLEYS, 
HANGERS, GEARING. 


Sheave Wheels any size ;equired for Hemp, Manila and Cotion 
Rope Driving. 

Machinery for weaving, beaming, warping, winding, spool- 

ing, reeling, dyeing, sizing, calendering, fulling; scouring, &c. 

Also, power hoisters or elevators. 


Morse Elevator Works. 


MORSE, WILLIAMS & CO. 


Manufacturers and Builders of all kinds of 
Passenger and Freight 


.§ 05 Frankford Ave., one . JS Frankford Ave., Wildey 
Office : { Square bel. Girard Ave. | Works: { and Shackamaxon Sts. © 


PHILADELPHIA, PA. 
New York Office: 108 Liberty Street. 


J. E. LONERGAN & CO. 


—— Manufacturers of —— 


Lonergan’s Patent Oilers and Lubricators, 


Railroad, Machinists, Mill Supplies, 
and Brass Castings. 
Catalogue free on applicati®®. 
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The Pratt & Whitney Co. 
HARTFORD, CONN, U.S. A. 


MANUFACTURERS OF 


For Machine, Railway, Agricultural 


and Gun Shops. 


Flour Mill Roll Grooving Machines, Drop Hammers, Punching Presses, 
Retractile Jib Cranes, Standard Cylindrical and Caliper Gauges, Cutters 
for Teeth of Gear Wheels, Combination Lathe Chucks, Renshaw 
Ratchet Drills, Taps, Dies, Straight and Taper, Solid and Shell 
‘Reamers, Milling Cutters, Kennedy’s Pat. Spiral Shear 
Punches and the Hill Imp’d Aut. Grain Scale. 


SPECIAL MACHINERY. 


Factories equipped with complete plants of Machines, Fixtures, Smal} 
Tools and Gauges, for the manufacture of Guns, Sewing Machines and 
similar articles requiring interchangeable parts. [Illustrated Catalogues 
and Price Lists furnished on application. 


PHOENIX IRON CO. 


TRENTON, WN. J. 


Manufacturers of the 


Automatic Cut-off Balanced Valve. 


The Trenton Engine, which won the highest award at the 
Novelties Exhibition of the FrRankuin InstiruTE, has proved a 
great success in its durability, excellent regulation and simplicity 
of construction. 

CATALOGUE FURNISHED ON APPLICATION -@8 
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GEORGE BARNETT. HENRY BARNETT. 


G. & H. BARNETT, 
BLACK pei FILE WORKS 


Nos. 21 TO 43 RICHMOND STREET, PHILADELPHIA, 


NOTICE! 


The following Reports ot the Examiners o1 the International 
Electrical Exhibition of the FRANKLIN INsTITUTE, held in 1884, 
have been published in pamphlet form, and will be mailed to any 
address on receipt of the price named. Address orders to 


Actuary of the FRANKLIN INsTITUTE, 
Philadelphia, Pa. 
Sect. V, VI and VIII.—Electric Lamps, Carbons for Arc 


“ 25¢. 
« XVili—Underground Conduits,. ......... 20¢. 
X%X1l—Fire and Burglar Alarms,etc,....... 10c. 
« XXIL—Electric Railway Signaling Apparatus, . . . 50¢. 
XXIIL—Electro-Medical Apparatus,........ 20c. 
XX1V.—Electro-Dental Apparatus, ........ 


 XXV and XXViL—Application of Electricity to Art, 
Artistic Effects and Music, . . . 20c. 
“ XXVII.—Application of Electricity to Warfare,. . . . 20c. 


« XXIX.—Educational Apparatus,. ......... 20c. 

« XXX—Machinery and Mechanical Appliances, . . . 20c 
Special Report——Efficiency and Duration of Incandescent 

as « —Dynamo-Electric Machines,. .... . 


Report of Chairman on Exhibition Committee, . . . . . 
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~ JACOB NAYLOR, 
| PEOPLE’S WORKS, 


GIRARD AVE. AND FRONT ST,., 
PHILADE!.PHIA. 


Corliss Engines, Boilers & Tanks 
\} Shafting and Gearing, Couplings, Pulleys and Hangers. 
| STEAM AND HAND ORANES AND HOISTING MACHINERY 
GEWERAL AND SPECIAL MACHINERY. 
‘The Rider Patent Automatic Cut-off Engine. 


General Castings of all Kinds in Green 
Sand or Loam. 


THE TUPPER PATENT GRATE BAR 


MANUFACTURE 


25th and Callowhill Streets, 
PHILAD’A. PA. 
Grinding Machines, Stripping Machines, Chisel 
Grinding and Lapping Machines, Tang Sizing 
Machines, End Croppers, Dies, etc. 


. The Franklin Institute of Philadel a has awarded its 
highest medal to one of the leading file works in this city }e4 
for superior cut files, which were cut on these machines. 
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The Hollingsworth Company, 


WILMINGTON, DELAWARE. 


BUILDERS OF IRON STEAMSHIPS, 


Steamboats and Iron Sailing Vessels of every description. 
Engines, Boilers and Machine Work in general. 


Large Basin Dry Dock on Simpson's Patent 
IN CONNECTION WITH THEIR WORKS. 
New York Office, ROOM 90, BOREEL BUILDING. 


Wood-Cutting Machinery. 


Machinists’ Tools, 
Engines & Boilers, 
Steam Pumps, 
Machinists’ and 
Engineers’ Supplies 

Standard Oak- 
Tanned Belting 
and Superior Files 
at Exceptionally 


H. B. SMITH MACHINE Co. 
_No. 925 MARKET STREET, PHILADELPHIA, PA. 


Machines for use by Bridge, 
table Engine and Boiler Makes 


Drilling, Tapping, Boring and 
Portable Mechinea. 
Machines for Wood Bori 
Portable Polishing and Emery Wheat 
Grinding. 


Stom Flezible Shaft Go, 


LIMITED, 


2218-2224 Pennsylvania Avenue, 
PHILADELPHIA, PA. 


fF ESTABLISHED IN 1836, 
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“ PERFECT ” 


Hot-Water Heaters, 
‘Warm-Air Furnaces, 
Steam Heaters, 


For Warming all Kinds of PUBLIC 
BUILDINGS OR PRIVATE DWELL- 
INGs. 


We manufacture the LARGEST 
LINE OF HEATING APPARATUS made 


> in the WORLD, and guarantee our 


goods to be first-class in all respects. 


Send for Circulars. Established 1837. 


RICHARDSON & BOYNTON CO. 
HEATING ENGINEERS, 


84 Lake St., Chicago. 


232 & 234 Water St., New York. 


Burk Mcketridge, 
printing «| ithography, 
300-308 Chestnut St. 


Philadelphia. 
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CROSBY STEAM GAGE & VALVE CO. 


Sole Proprietors and Manufacturers of 


Crosby Pop Safety Valves and Water Relief Val 
Crosby Improved Steam Pressure Gages, Single Bel 
Chime Whistles. 


CROSBY STEAM ENGINE INDICATORS, 
Unrivalled for perfection of design and workmanship, and for the 


remarkable oon their indications: also, manufacturers of 
otuer SPECIALTI and BOURDON GAGES, for all p ; 


Geo. teas. 95 & O7 OLIVER ST., BOSTON, MASS. 
AO. Meany cust, QUEEN VICTORIA ST., LONDON, ENG. 


ESTABLISHED 1820. 


ALFRED F. MOORE, 


— Manufacturer of — 


Insulated Electric Wire, Flexible cords and Gables 


200 & 202 N. THIRD ST. AND 30) & 303 RACE ST. 
PHILADELPHIA, PA. 


ESTABLISHED 1853. 


JOSEPH ZENTMAYER, 
OPTICIAN, 


RYDER’S MICROTOME. 


209 South Eleventh Street, Philadelphia. 


SPECIAL ATTENTION GIVEN TO OCULISTS’ PRESCRIPTIONS. 


2: ‘i 
al 
H. aiso, dealers in all instruments and appliances u on Steam 
, J. H. MILLETT, PREST Engines, Boilers, Pumps, etc, 
GEo. H. CROSBY. PREST 
J 
Manufacturer of Spectacles and 
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THE JOHN SCOTT 
Legacy 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious meri and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franxuin Iystiture, and the InstrruTe, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 


award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. . 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 


The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of oviginality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


OctToseEr, 1890. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


WALTER HART, 
of New York, for his 


“IMPROVEMENTS IN HOISTING APPARATUS.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the Franxuin Institute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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i Hall of the Institute. 


NOVEMBER, 1890. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 
award of 


The Ellistt Cresson Medal 


JAMES B. HAMMOND, 
of Hartford, Conn., for his 


“INVENTION OF A TYPEWRITING MACHINE.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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TYPEWRITER. 


Ideal and Universal Keyboards. 


Speed Record Again Broken. 180 words 
in one minute, Chicago, Sept. 12, 1890. 


HIGHEST AWARDS: LONDON, NEW YORK, NEW 
- ORLEANS, BOSTON, BRUSSELS, PARIS, 
COLOGNE, ETC. 


THE HAMMOND WON THE FIRST PRIZES IN BOTH OF 
THE LATE NEW YORK TYPEWRITER CONTESTS. 


A Check for $7,267.50 from the U. S. Treasury for 75 Hammonds. 


THE HAMMOND TYPEWRITER Co. 


116 S. Sixth St., Philadelphia. 447-449 East 52d St., New York. 
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Hall of ive Institute. 


DECEMBER, 1890. 


Notice is hereby given that the Committee on Science 
and the Arts of the FranKuin Instirure has recommended _ the 
award of 


John Scott Legacy Medal and Premium 


TO 


Almer Thomas and Luzerne Merket 
of North-East Penna. for their 


“IMPROVEMENTS IN CASTING ANC HARDENING 
COPPER.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FranKLIN INstiTuTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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“WORTH ITS WEIGHT IN GOLO.”’"—N. Y. Herald. 


Edwin Checkley made his famous record-breaking bicycle trip to Chicago, just completed, with- 
out any special ining, pursuant to the theories set forth in his book, ‘‘ A Natural Method of 
Physical Training,” 

ARE YOU TOO FAT? otters Book tells how to reduce flesh without either dieting or 
oo i Fieshy people are delighted with this revelation and foremost physicians indorse the 
method. 

DO YOU HAVE CONFINING WORK? The /owrnalist says that this book ‘could be read 
and its instructions followed with advantage by every editor, librarian or sedentary worker.” 
The University Voice says the book ‘should be in the hands of everyone who loves health.”’ 

IS YOUR DYSPEPSIA STUBBORN? Well, stop the medicines and read Checkley’s book. 
Life will then look entirely different to you, and you will not be satisfied until every friend has 


read the book also. 
A WIDE RANGE OF INDORSEMRAT. 


[Public Opinion, Fune 12, 1890.) 

Among all the books that have 
appeared since open-air exercises and 
athletics began their recent era of 
increasing popularity, there is not one 
that impresses the reader more strong- 
ly with the idea of primitive sense and 
practicability. 
Fournal ef Packer College Alumna) 

The book will be found very 
te train to young girls w ire 
to possess a Bremen carriage and 
supple body. 

[ Congregationalist, 19, 1899.) 

‘the book is one which deserves a 
wide reading, and many children 
would be greatly benefited if their 
parents would study and apply it. 
[New York School Fournal.} 

It is a reaction against the health- 
lift and other costly appliances once 
necessary. e commend 
this little volume as being a decidedly 
good one. 

[National Stenographer, 
October , 1890.) 

Mr. Checkley’s plan comes like 
an inspiration and tells us how we 
may maintain our vigor without the 
usual inconveniences. 
recommend the book most heartily to 
every stenographer. 

(Manufacturer and Builder, 
October, 1890.) 

To the multitude of those who 
are victims of the impediment of 
adipose, the author is t of 
tidings of great joy. 

(Chicago Herald, September, 1890.| 

This system is the only one that 
offers a reasonable method of curing 
obesity, the bugbear of humanity, 
without rendering the subject as un- 
comfortable as a convict at labor. 


ARE YOU A WOMAN? You can't help that, of course, but you can be a strong, light, graceful, 
woman if you will read ‘‘ Natural Method of Physical Training.’’ A pretty high authority, the 
New York Medical Times says that the Checkley system is ‘‘ particularly applicable to women.’ 


DO YOU GO IN FOR ATHLETICS? The Minneapolis Yournal says that “ young men will 
=e a ame if they don’t investigate this sensible system."’ The leading athletes are all 
ng its hints. 


WHY NOT READ IT, THEN? 


CLOTH, ILLUSTRATED, $1.50. SEND FOR CIRCULAR. 
PUBLISHED BY 


WILLIAM C, BRYANT & C0., 24 BROADWAY, BROOKLYN, N. Y. 
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STEVENS PATENT STEVENS PATENT 
WING FIRM JOINT CALIPERS | SPRING INSIDE CALIPERS 


All highly polished. 
if STEVENS PATENT 


Reliable Divider. No. 60 


STEVENS PATENT 


NIPPERS. No. 


Forged from heavy stock. Operated with a for Telegraph Line- 
right and left hand screw. Made with twoten- Sent by mail postpaid. 
sion screws, removing any back lash. $1.50 
5inch, price per pair... 1% 
Divid 
iden Lecter Spring Calipers and Ideal Surface Gauges, 
STEVENS AKMS TOOL P. Box 248 Chicopes Is, Mass. 


GEO. V. CRESSON. 
Philadelphia Shafting Works, 


EIGHTEENTH & ALLEGHENY AVE., PHILA., PA. 
improved Method of Transmitting Power by Verticu! Sheftiag. 


cu 
ING FIRE being 


As there are no belts 
matter distribu 
Where the Vertical Shafti 

on account of Less R 


Shafting, 
Couplings, 
Hangers, 
Cearing. 


of belt-holes and the cre belting Saou. | floors, THUS 
m floor to floor, 
The conken y of being enabled to run each fi<or or room iecennabaae of the other. 
ng from fioor to foor, there is no dust or other 


distributed 


is used a Lower Rate of insurance can be obtained 
in case of fire. 


IMPROVED PARTING PULLEYS. 
Parting Pulleys of the above d can te put on shaft in a few moments 
thing chat. 


Full 
Assortment 
on 
Hand. 


‘ 
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at the Post Ofice at Philadelphis in xccordance with Secdion 169 Of the Posts! Laws and Regulations, 
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-* Science and the Mechanic Arts. + 


EDITED BY 
Buttock, Pror. Persivor Frazer, D. Sc., Paor, Enwin J. Hovsroy, Tauro. D. Ranp, 
Pror. Cotcaman Setters, Committee on Publications : 
with the Assistance of 
Dre, Wu. H. Want, Secretary of the Institute, 


COLLABORATORS: 


Pror. L. D'Auria. Cant H. Jr. 
Pror. Wu. H. Da. S. C. Hooxer. Prov. S. P. 
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HOWSON AND HOWSON 
COUNSELLORS AT LAW 
SOLICITORS OF PATENTS 


PHILADELPHIA 
Forrest Building, 119 South Fourth Street 


NEW YORK 
Potter Building, 38 Park Row 


WASHINGTON 
Atlantic Building, 928 F Street 


THE JAMES SMITH WOOLEN MACHINERY COMPANY, 


Works, 4il to 421 Race St., Philadelphia, Pa. 


YOOLEN MACHINERY, 


Including Machinery for the Preparation of Wool. 


Carp CLOTHING OF EVERY DESCRIPTION. 


SEND FOR ILLUSTRATED CIRCULARS.-@8 . 
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THE IMPROVED CORRUGATED | 


Highest known results from exhaust steam without back pressure. : h 
Sold with 10 years’ guarantee. Send for Illustrated 
Catalogue Z. 


THE 


FEED TO 


RELIEF 
VALVE 


THE WAINWRIGHT MFG. CO.,OF MASS. 


BOSTON, NEW YORK, CHICAGO. 
GEO. CONNOR, MGR. 


301 MASTER BUILDERS’ EXCHANGE, 
No. 24 8S. SEVENTH S8ST., PHILADELPHIA. 
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Caligraph New Special No. 3. 


GREATEST SPEED. We are now prepared to fur- 
BEST FOR MANIFOLDiNG. nish the New Speciat No. 3, 

190,900 Daily Users. having 78 characters, fitted with 
an extra platen for Manifolding 
(platen can be changed in two 
minutes). 


A new ribbon movement 
carrying the ribbon back and 
forth, as well as across the 
disk. 

This special machine, in 
quality of material and fineness 
of workmanship, excels any- 
thing ever before placed on the 
market, and has been brought 
out to meet the demands of 


Single Case, No.1, . . s70.00 those requiring the best that 


THE AMERICAN WRITING MACHINE CO., Hartford, Conw. 


BRANCH OFFICES: 237 BROADWAY, N. ¥. 
14 W. 4TH ST., CINCINNATI, oO. 1003 ARCH £T., PHILADELPHIA. 


“‘Barney’s Compound Ventilating Wheel does not infringe 
the Blackman Patent.”—Opinion of Judge U.S. Circuit 
Court, 5, 1890. 


NATIONAL VENTILATION CO. 


Ventilating Exgineers, Contractors acd 


S POSITIVE VENTILATION FOR ALK PLACES 
WHERE SMALL POWER CAN BE 
APPLIED. 
Plans and Estima’+s Furnished. 
EDGE VIEW. Correspondence Solicited. 


} 


70 PEARL ST., BOSTON, MASS., U: S. A. 


JAS. BE. BARNEY, Manager. 
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